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Annual lipid-lowering therapy costs the Department of Defense (DoD) in
excess of $40 million. In 1995, a new computer system was implemented nation-
wide to assist in tracking medical utilization in addition to performing general
operations. Pharmacy, laboratory, and patient administration records were
integrated. The purpose of this study was to investigate the five currently
marketed HMG-CoA reductase inhibitors (statins) in the military beneficiary
population served by this computer system in a selected area. The computer
records of patients receiving statin therapy between February 1996 and April 1998
were retrospectively examined: (1) to determine if statin therapy achieved
reductions in low-density lipoprotein (LDL) cholesterol levels similar to those
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seen in clinical trials; (2) to determine if there were any differences between the
five statins in the LDL reductions observed; and (3) to compare the cost-
effectiveness of the five statins by using annual estimated treatment costs per one
percent reduction in LDL. The perspective for the cost-effectiveness analyses
was that of the military. An original sample of 4436 patients resulted in 289 final
subjects meeting the criteria of being new statin users and having at least one pre-
treatment and post-treatment LDL value on file. As the majority of patients
received one particular statin, few comparisons could be conducted. Observed
reductions in LDL for patients taking pravastatin were less than predicted by
clinical trials, but with 95 percent confidence intervals, approached the predicted
values. Patients who had pravastatin listed as the last statin fill had a larger
reduction in LDL levels and lower estimated annual treatment costs when
compared to patients who had simvastatin listed as the last statin fill. Other
comparisons could not be conducted. The advantages and caveats of working
with the DoD Composite Health Care System (CHCS) computer system are

discussed. This exploratory study yielded ideas for future work.
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CHAPTER ONE

INTRODUCTION

The author of a recent commentary asserts “The future of
pharmacoeconomics lies in meeting the needs of decision makers.” The
Congressional Budget Office forecasted that, by the year 2000, American
healthcare expenditures will be $1.7 trillion, representing 18 percent of the gross
domestic product (GDP).> In 1984, coronary heart disease (CHD) was the major
cause of death and disability in the United States as well as in other industrialized
nations. In 1995, despiie public health initiatives, cardiovascular- disease still
remained the leading killer in Western industrialized nations.” In 1996, it was
estimated that coronary artery disease (CAD) had directly touched the lives of
over 13 million Americans, at an annual cost in excess of $90 billion. These
costs include direct medical costs, non-medical costs, and lost productivity costs
which are consequences of CAD. Each year CAD causes 500,000 deaths, while
other vascular disease patients account for not only 50 percent of all myocardial
infarctions (MIs) but also 70 percent of all CAD deaths.*” Thus, CAD is the
leading cause of death for a// American men and women in any given year. With
healthcare, in general, and cardiovascular disease, more specifically, representing
such a significant portion of the GDP, medical decision makers are keenly
interested in getting accurate and timely information to assist them in making

appropriate decisions on where best to spend/invest scarce resources.
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A brief discussion of vwhat is meant by the phrase “healthcare costs” is in
order. The average consumer may view costs just as money that comes out of his
or her own pocket, such as co-payments or the cost of prescriptions at the drug
store. A third-party payer, such as an insurance company, may view these costs
solely as the claims for billed medical services. An employer may view these
costs as the portion of premiums that must be péid on behalf of employees. The
healthcare pro.vider,‘ such as a physician, hospital, pharmacist, or health
maintenance organization (HMO) may view these costs as labor, materials (such
as drugs), overhead, bad debt, and so on.

In general, healthcare costs can be broken down into four broad
categories: (1) medical costs (those costs used directly in treating the illness or
condition, such as billable expenses for hospital care, physician fees, or
medications); (2) non-medical costs (those costs associated with treating the
illness or condition but not directly provided by a healthcare practitioner, such as
non-reimbursable expenses for transportation to receive treatment, family out-of-
pocket expenses during the treatment such as lodging costs to stay near an out-of
town treatment facility, or hiring someone to help around the home due to family
illness); (3) indirect costs (also known as lost productivity due to the illness or
condition); and (4) intangible costs (or the pain and suffering associated with the
iliness or condition).® In the examples given in the preceding paragraph, many of
these categories of costs were addressed.

At the present time, the fourth type of cost has not been fully quantified as
there is disagreement on how best to attach monetary values to these costs.

Attempts have been made to develop measurement units such as the quality

2



adjusted life year (QALY) or healthy year equivalent (HYE), but none have been
universally accepted as of yet.” Pharmacoeconomics uses outcome measurements
in an attempt to analyze economic consequences/concerns as well as clinical and
humanistic concerns to arrive at answers for healthcare decision-making.> It is
specifically related to the impacts that drugs and drug therapies will have or are
having on medical care in general. It is not easy to recognize which outcomes are
appropriate to measure, to be able to accurately measure them, and then to be able
to analyze the findings to produce meaningful results.

In 1961, a report from the Heart Disease Epidemiology Study,
Framingham, Massachusetts, discussed “three characteristics believed to be
associated with proneness to the development of CHD™: (1) “elevated serum
cholesterol levels;” (2) “hypertension;” and (3) “the electrocardiographic pattern

% More recently, the accepted risk factors for

of left ventricular hypertrophy.
cardiovascular disease have been expanded into two broad categories: those
factors that cannot be altered, such as age, gender, and family history; and ihose
that can be altered, such as cigarette smoking, obesity, hypertension, physical
inactivity, diabetes mellitus, cholesterol, elevated low-density lipoprotein (LDL)
cholesterol, and reduced high-density lipoprotein (HDL) cholesterol.”

" In 1987, the National Cholesterol Education Program’s (NCEP’s) Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults was charged with considering the available evidence on CHD and high
serum cholesterol, identifying pertinent issues, and developing guidelines for
physicians and other healthcare providers. Their findings identified elevated LDL

levels as “causally related and a major determinant of increased risk of CHD.”"

3



The panel indicated that, as such, LDL levels should be targeted as one of the
primary goals of cholesterol-lowering efforts. In their update article published in
1993.'! LDL levels continued to be identified as the primary target for
cholesterol-lowering therapy, along with emphasis on dietary therapy as the first
line of treatment, with drug therapy being reserved for those considered to be at
high risk for CHD.

Risk factors for CHD were further stratified into positive or negative.
Positive risk factors included being a male > 45 years of age, being a female > 55
years of age (or premature menopause without estrogen replacement therapy),
having a family history of premature CHD, being a current cigarette smoker,
having hypertension (or blood pressure > 140/90 mm Hg, or taking
antihypertensive medication), having low HDL cholesterol (< 35 mg/dl or 0.9
mmol/L), or having diabetes mellitus. The only negative risk factor was having
high HDL cholesterol (> 60 mg/dl or 1.6 mmol/L). The LDL cholesterol level is
used in determining which treatment approach is appropriate for the individual
patient. Those patients with clinically established CHD are considered for dietary
treatment if their fasting LDL level is > 100 mg/dl (2.6 mmol/L), or for drug
treatment if the LDL level is > 130 mg/dl (3.4 mmol/L). Those patients without
clinically established CHD but who have two or more of the aforementioned risk
factors are recommended for dietary therapy if their fasting LDL level is > 130

mg/dl (3.4 mmol/L), or for drug treatment if the LDL level is > 160 mg/dl (4.1
| mmol/L). Those without CHD and having less than two of the risk factors should
begin dietary therapy if their fasting LDL level is > 160 mg/dl (4.1 mmol/L), or
drug treatment if the LDL level is > 190 mg/dl (4.9 mmol/L).

4



Young adult men and premenopausal women are considered to be at
relatively low risk of CHD even with moderately high LDL levels (160-220 mg/dl
or 4.1-5.7 mmol/L) and are not usually considered eligible for drug therapy until
their LDL levels exceed 220 mg/dl (5.7 mmol/L). The NCEP’s guideline uses
treatment goals of lowered LDL level. Those with CHD or other atherosclerotic
diseases have an LDL goal of < 100 mg/dl (2.6 mmol/L). Those without CHD but
with two or more risk factors have an LDL goal of < 130 mg/dl (3.4 mmol/L).
And, finally, those without CHD and less than two risk factors have an LDL goal
of < 160 mg/dl (4.1 mmol/L).

The issue of “the” most appropriate endpoint for cholesterol-lowering
therapy has been debated in the literature. Some authors support the NCEP’s
viewpoint that LDL lowering can serve as the endpoint, with decreased total
mortality and morbidity in CHD, myocardial infarction, CAD, and stroke being
inferred from previous clinical trials.'*'* Other authors take the viewpoint that
there still remain people in clinical trials who receive treatment, achieve
significantly lowered LDL levels, yet still have a clinical event, indicating that

5-17 . .
P17 possible explanations

lowered LDL levels are not the only factor to consider.
for these conflicting viewpoints include the fact that medical knowledge and
technology have increased dramatically since many of the early trials were
conducted as well as the discovery that atherogenesis is not dependent solely on
cholesterol or LDL.'**

The earliest cholesterol-lowering trials, using the cutting edge therapy of
the time, concentrated on altering diet and treating primarily with clofibrate,
cholestyramine, nicotinic acid, fibric acid, colestipol, neomycin, estrogen,

5



dextrothyroxine, gemfibrozil, or a combination of these.” In 1987, the first of a
new drug class was released in the United States. Instead of inhibiting intestinal
cholesterol absorption, acting as bile acid sequestrants, decreasing very-low-
density lipoproteins (VLDL), or increasing lipoprotein lipase activity, these drugs
competitively inhibit the rate-limiting enzyme in cholesterol biosynthesis (3-

“2 These drugs have been

hydroxy-3-methylglutaryl-coenzyme A relductase).2
highly effective in lowering LDL cholesterol and are generally better tolerated
than the e.arlier classes of drugs. It is important to remember that all drug therapy
does not replace diet therapy but is an adjunct to it.'' Treatment is arbitrarily
divided into primary prevention (to prevent development of clinical
cardiovascular symptoms in those not already diagnosed as such) and secondary
prevention (to prevent further comp}ications or worsening of symptoms in those
with clinically established CHD or other athersclerotic disease). Again, the
treatment approach is based on LDL levels and risk factors. As the athersclerotic
process is becoming recognized as a life-long process, the differentiation between
primary and secondary prevention is often subjective. Numerous clinical trials
have been undertaken over the past several decades to explore the various
treatment regimens for hypercholesterolemia along with the corresponding
outcomes. The earlier trials tended to measure total cholesterol levels instead of
LDL levels. Most of these early trials are discussed in more detail later in this
paper and the reader is referred to the following sections.

The issue of where to find the appropriate outcome (the clinical endpoint)
must be addressed next. There are two major categories of research listed by
Strom (1994)* - hypothesis-generating studies and hypothesis-strengthening
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studies. These studies can be prospective or retrospective in nature. They can be
cohort studies or case-control studies. They can be of a randomized clinical trial
or post-marketing surveillance design. They can use existing databases or obtain
the necessary data through creation of original measurement instruments. The
possibilities are restricted only by the researcher’s imagination and
time/money/ethical constraints.

As the researcher for this particular study is an Air Force officer, the
logical source for research data would seem to be that generated by the military.
In 1995, a new and integrated computer system, the Composite Health Care
System (CHCS) computer system, was implemented nation-wide in military
treatment facilities (MTFs). This system linked up pharmacy, laboratory,
radiology, and patient administration records, replacing the previous stand-alone
systems. Although each MTF is still a stand-alone CHCS system, in many of the
larger metropolitan areas with multiple MTFs, these systems are linked into one
common CHCS system. Such is the case in San Antonio, Texas, where four Air
Force MTFs and one Army MTF share a common CHCS system. This provides
the opportunity to conveniently analyze medical data from hundreds of thousands
of military medical beneficiaries. Although no analyses using this specific
database are published, at least two studies have used the Uniformed Services
Prescription Database Project (USPDP) data, which consists of a summary of data
reported by each MTF to the Pharmacoeconomic Center (PEC) located at Fort
San Houston, in San Antonio, Texas.”’

According to the PEC Update of October 16, 1995,%® the military spent

approximately $40 million in fiscal year (FY) 1993 on lipid lowering drugs. That
7




same issue also published guidelines for the management of hyperlipidemia based
on the recommendations of NCEP. As of November 1997, these guidelines were
being updated to reflect the use of statins as the treatment of choice, in
conjunction with diet and life-style modifications. To date, there has been no
published study to evaluate the irﬁpact of tﬁe 1995 guidelines beyond what could
be categorized as annual usage reports. There have been no studies in this
population to validate that the projected percent LDL reduction was achieved nor
have there been any studies to investigate whether NCEP LDL goals have been
attained in either primary or secondary prevention patients. Nor have there been
any studies to determine the overall effects of switching thousands of patients
stabilized on lovastatin over to pravastatin, which had been selected by the PEC
as the formulary statin.  Therefore, there exists an economic need for
investigation (greater than $40 million), a clinical need (how are the patients
doing from an outcomes measurement perspective), and a unique opportunity to
utilize a virtually untapped database. As there was only one other study currently
found in the literature where “cost-effectiveness of initial therapy with 3-hydroxy-
3-methylglutaryl coenzyme A” (HMG-CoA) “reductase inhibitors to treat
hypercholesterolemia in a primary care sefting of a managed-care organization””’

was being investigated, the present study should be an original contribution to

scholarship.




SECTION I
GENERAL BACKGROUND INFORMATION

ON HYPERLIPIDEMIA

This section discusses the most common causes of dyslipidemia, the
present commonly accepted treatment strategies, and a discussion of the impact

of patient compliance, or lack thereof, on therapy.

ATHEROSCLEROSIS

Atherosclerosis is known to the lay population as “hardening of the
arteries.” In simple terms, it is characterized by deposits of fatty substances,
cholesterol, cellular waste products, calcium, and fibrin in the inner lining of an
artery.’® A more technical explanation involves oxidized LDL, arterial tissue
macrophages, cytokines and growth factors, formation of foam cells, formation of
a fatty streak lesion, formation of a fibrous plaque lesion, formation of a complex
lesion with a necrotic core, and the ultimate potential for plaque rupture resulting

193132 As cholesterol is a naturally

in potential thrombosis and/or infarction.

occurring substance and is necessary for membrane synthesis as well as steroid
. . . 33 .

hormone production and serves as a precursor for vitamin D, it must be

transported from the liver, where it is synthesized, through the blood to the



peripheral tissues.’* The lipoprotein that carries the cholesterol from the liver is
LDL, which often ends up depositing the cholesterol on arterial walls. The HDL
lipoprotein “sweeps” up the cholesterol from the blood stream and transports it
back to the liver. It has been estimated that up to 80 percent of the circulating
cholesterol in the average human is the result of internal synthesis, which may
explain why some of the earlier trials with blocking agents for intestinal
cholesterol absorption or bile acid sequestrants had less effect on lowering LDL

levels than the later HMG-CoA reductase inhibitors.

OTHER CAUSES OF DYSLIPIDEMIA

Several disease states or genetic abnormalities are known to cause
dyslipoproteinemia. Atherosclerosis is a common complication in diabetics, both
insulin-dependent (IDDM) and non-insulin-dependent (NIDDM).*>* 1t is more
common for diabetics to have higher serum triglycerides than elevated‘
cholesterol. It has been postulated that diabetics may have genetically altered
LDL lipoproteins, resulting in triglycerides being deposited in the arterial walls
instead of the more typical cholesterol. It is also proposed that this effect may be
more the result of low levels of HDL that are seen frequently with an increase in
triglycerides. Hyperinsulinemia and hyperglycemia also have been suspected of
being atherosclerotic in their own right. The genetic disorder of familial
hypercholesterolemia (occurring in 1 in 500 people in North America and
Western Europe) involves mutations in the LDL receptors that are located on the
cells that need to take up cholesterol for further processing. These mutations

range from receptors that are produced but are unable to transport the LDL
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lipoprotein with its incorporated cholesterol into the cell to those that produce no
LDL receptors whatsoever.’” In this condition, the dietary cholesterol is never
cleared from the blood as it can not enter the cells for further processing and the
endogenous biosynthesis of cholesterol continues as there is no intracellular back
regulation. Cholesterol levels of 200-400 mg/dl and higher are seen quite
commonly in these patients.”® As a resuit of all the circulating cholesterol, these
patients often develop premature coronary artery disease within the first decade of
life. They also tend to be subject to other metabolic problems and commonly
develop tendon xanthomas.”  Patients with chronic renal failure and
hypothyroidism have also been 'reported to have dyslipidemias. Certain
antihypertensive agents have also been implicated in altering blood lipid levels
uhfavorably and care should be taken when treating hypertensive patients who are

also hypercholesterolemic.

HYPERLIPIDEMIA TREATMENT STRATEGIES

The current NCEP guidelines recommend modifying lifestyle choices as a
first line therapy in those individuals at risk for cardiovascular problems. These
include smoking cessation, weight loss, and increase in exercise levels. Any
underlying health condition that might affect lipid levels of cardiovascular
complications should also be controlled, such as hypertension, diabetes mellitus,
liver or renal problems, thyroid conditions, and encouraging hormone
replacement therapy (HRT) in post-menopausal women. If the patient does not

achieve adequate lipid control using this approach, the next step is diet
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modification, such as those diets recommended by NCEP or the American Heart
Association. Failing that, the next step is to add drug therapy to the regimen of
lifestyle and diet modification. Drug therapy can consist of a single agent or a
combination of agents. Often non-systemic agents are tried first.* These can be
agents that inhibit the intestinal absorption of cholesterol, such as Olestra®, or
the bile acid sequestrants or resins, such as cholestyramine or colestipol.
Systemic agents can act in the following ways: (1) to inhibit cholesterol
biosynthesis, such as the HMG-CoA reductase inhibitors (statins); (2) to decrease
the production of very low-density lipoprotein (VLDL), such as nicotinic acid; or
(3) to increase the activity of lipoprotein lipase, such as the fibric acid derivatives
(gemfibrozil or bezafibrate).*!

Often treatment choice will depend on which specific type of lipoprotein
is targeted for modification. Those agents that predominantly lower LDL
cholesterol include the statins and the bile acid sequestrants. Those that
predominantly lower triglycerides are nicotinic acid and the fibric acid
derivatives. People with famihial hypercholesterolemia, characterized by a
decrease in the number of functioning LDL receptors, usually are treated with
combination therapy. Statins and bile acid sequestrants or nicotinic acid and a
bile acid sequestrant are the most common treatment approaches. Those with
defective apolipoprotein (apo) B-100, caused by failure of the LDL receptor to
recognize and bind with LDL, usually are treated with a statin or nicotinic acid.
Polygenic hypercholesterolemia, possibly caused by reduced LDL receptor -
function, may be treated with statins, bile acid sequestrants, or nicotinic acid.

Familial combined hyperlipidemia, most likely caused by overproduction of apo
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B-100, may be treated with nicotinic acid, fibric acid derivatives (but only with
caution in the elderly, obese, or diabetes mellitus patient), statins, or a
combination of statin and fibric acid derivative (but only with caution and close
monitoring). Familial dysbeta-lipoproteinemia, charaéterized by increased total
cholesterol and triglycerides, should be treated with fibric acid derivatives
(especially clofibrate), nicotinic acid (but this may cause problems with glucose
tolerance in diabetic patients), or statins. Familial endogenous
hypertriglyceﬁdemia and/or familial mixed hypertriglyceridemia, due to increased
VLDL levels, respond to nicotinic acid ahd fibric acid derivatives. Famulial
chylomicronemia is not treated by drugs. A combination of diet, weight control,
and avoidance of alcohol is the preferred therapy here.

Drug therapy is not recommended by the NCEP for primary
hypoalphalipoproteinemia, which is characterized by low high-density lipoprotein
(HDL) levels. Despite this recommendation, nicotinic acid and fibric acid
derivatives have been used in this condition. Diabetics with dyslipidemias have
been treated with fibric acid derivatives (alone or in combination with a bile acid
sequestrant) or with statins. Nicotinic acid tends to increase insulin resistance,
hyperglycemia, and hyperinsulinemia, so it is not commonly used in diabetics.
Nephrotic syndrome patients with dyslipidemias have been treated with statins
(lovastatin seems to be especially effective) and bile acid sequestrants, although
adverse triglyceride effects have been seen. Renal or cardiac transplant patients
with dyslipidemia have been treated with gemfibrozil. Statin therapy has
produced mixed results in these patients with lovastatin causing problems while

pravastatin has had beneficial effects. In summary, lipid therapy depends on the
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number and type of risk factors present as well as the most likely cause of the

dyslipidemia. There ts no one “best” drug treatment.

COMPLIANCE ISSUES

Any time treatment for a condition depends on the patient performing
some activity, be it taking pills, losing weight, or monitoring blood glucose levels,
there is the possibility for noncompliance. McDermott ef al. (1997)* summed the
concept up by stating “...the full benefits of those pharmacological interventions
at various stages in the course of coronary artery disease will not be realized if
patients are not compliant with prescribed therapies” (in essence, the medication

¥ explains

must be taken and taken properly for it to work). Hitchens (1996
patients may be noncomplaint because of the following: (1) they do not feel sick
so they cannot “feel” that the medicine is making them better; (2) they feel they
are wasting their money because they do not see results right away; or (3) they
may experience side effects. Depending on the regimen they are to follow,
patients may have to swallow a “glass of sand” (cholestyramine) several times a
day, take a handful of niacin tablets several times a day, or simply take one tablet
or capsule a day (statins). Murphy and Coster ( 1997)* make the following
observation: “The gap between current and ideal practice suggests that rates of
compliance in long term therapy are about 50 percent regardless of the illness or
setting.”  Since treatment for hyperlipidemia is usually life-long, patient

compliance is a definite concern. Fortunately, statins tend to have few side

effects as a class when compared to the other therapies. Hitchens (1996)" lists
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the following as annual discontinuation rates for various lipid-lowering drugs: (1)
niacin - up to 46 percent, (2) bile acid sequestrants - up to 41 percent; (3)
gemfibrozil (fibric acid derivative) - up to 37 percent; and 4) lovastatin (the first
statin) - 15 percent. Most of the studies cited in this project used the value of >
80 percent compliance as the criterion for being compliant. One advantage to
using military beneficiaries as the data source is that the medications are provided
free of charge, so the financial barrier to compliance is eliminated (some patients
would contend that the non-medical cost, lost productivity cost, and intangible
cost of pain and suffering entailed with using MTFs negates this fiscal

advantage).

SECTION 11

REVIEW OF STUDIES EXAMINING

HYPERLIPIDEMIA TREATMENT

This section reviews studies investigating hyperlipidemia’s effect on
various clinical endpoints, studies looking at statin-specific clinical trials, and

studies looking at costs in pertinent healthcare arenas.
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CLINICAL TRIALS - CLINICAL ENDPOINTS

Clinical trials pertaining to lipid-lowering strategies have concentrated on
four main endpoints: ((l') coronary events, including deaths; (2) mechanical
monitoring of the atherosclerotic process (angiography, arteriography,
-electrocardiagram (EKG), or ultrasound technology); (3) LDL or cholesterol
lowering; or (4) stroke events, including deaths. Some of the HMG-CoA
reductase inhibitors will be discussed here, although the majority of the trials
specifically examining the “statins” will be discussed later.

Numerous clinical trials have used coronary events and/or total coronary
morbidity and mortality as their endpoints. Many of these trials measure lipid
levels as well. An on-going prospective program is the Prospective Pravastatin
Pooling (PPP) Project and the Cholesterol Treatment Tralists (CTT)

5

Collaboration.* This program is undertaking a prospective meta-analysis to

avoid “some of the pitfalls of meta-analysis associated with earlier review.”*

The PPP portion consists of the Long-Term Intervention with Pravastatin
in Ischemic Disease (LIPID) trial, the Coronary and Recurrent Events (CARE)
trial, and the West of Scotland Coronary Prevention Study (WOSCOPS) trial.
The primary objectives here are to look at total mortality and cause-specific
mortality, with respect to pravastatin usage, so that total mortality effects may be
estimated for different risk populations. Additionally, the effects of pravastatin
on total coronary events within specific subpopulations will be examined:

primary versus secondary treatment; the elderly; men and women who also have

diabetes; smokers; patients on antihypertensive medications; and classifications
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of patients with specific baseline lipid levels (such as those with total cholesterol
levels < 213 mg/dl or 5.5 mmol/L). Non-coronary events (fatal and non-fatal)
will also be captured so that the effects of pravastatin on cancer, trauma, and
stroke can be addressed.

The CTT portion will prospectively register all major ongoing and
planned trials of cholesterol treatment prior to knowing the results of each study.
These studies must be “randomized, unconfounded comparisons of treatments
aimed at lipid-level modification.” Most of the trials use an HMG-CoA reductase
inhibitor against either placebo or “usual care,” although the Veterans Affairs
Low HDL Intervention Trial (HIT) uses gemfibrozil as the treatment of interest
and the Women’s Health Initiative (WHI) looked solely at diet as active
treatment. Currently there are 12 trials registered: the Scandinavian Simvastatin
Survival Study (4S); the Post-Coronary Artery Bypass Graft Study (Post-CABG),
WOSCOPS; CARE; LIPID; Gruppo Italiano per lo Studio dell Sopravivenza nell’
Infarto miocardico (GISSI Prevention); Air Force-Texas Coronary Atherosclerosis
Prevention Study (AFCAPS/TEXCAPS), Benzafibrate Infarction Prevention
Study (BIP), (HIT); Medical Research Council/British Heart Foundation Heart
Protection Study (MRC/BHF), Antihypertensive Lipid Lowering Heart Attack
Trial (ALLHAT); and the (WHI). All trials except the ALLHAT and WHI are
projected for completion by the year 2000. It is anticipated that over 65,000
patients will ultimately be involved in either the PPP or CTT portions. This
should yield more reliable estimates of the effects of cholesterol treatment on
each cause-specific mortality as well as coronary mortality effects within the

identified subgroups.
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Several articles have been published conceming the West of Scotland
Coronary Prevention Study (WOSCOPS).***® This double-blinded study equally
randomized 6595 men between the ages of 45 and 64 years to either pravastatin
40 mg nightly or placebo for 4.9 years. The average baseline cholesterol was 272
mg/dl. The primary endpoints were non-fatal myocardial infarction (MI) or
coronary heart disease (CHD) death, as a first event. For study purposes, these
two endpoints were combined. The intention-to-treat approach was used for
statistical analysis. The combined endpoint was a reduction of non-fatal MI and
CHD death of 31 percent (95% CI 17-43%), p < 0.001, when pravastatin was
compared to placebo. The absolute difference in risk of the combined endpoint
between pravastatin and placebo at the five-year point was 2.4 percentage points
(5.5% vs. 7.9%, respectively). Nonfatal MI risk reduction was significant at the
p<0.001 level, regardless of whether the definite cases were considered alone or
with the suspected cases. For CHD deaths, there was a 33 percent risk reduction
(95% CI 1-55%), p = 0.042. This was only true when the definite and suspected
cases were combined, due most-likely to the small number of definite cases.
Overall, death from all cardiovascular causes yielded a 32 percent risk reduction
(95% CI 3-53%), p = 0.033. There were 46 strokes (six were fatal) in the
pravastatin group and 51 (four fatal) in the placebo group. There were no
statistically significant differences between the two groups with respect to cancer,
suicide, or trauma. There were 116 patients in the pravastatin group who
developed cancers (fatal and non-fatal) as compared with 106 in the placebo
group (p = 0.55). There were 20 patients in the pravastatin group who reported
myalgia, 97 who reported muscle aches, 19 in the placebo group who reported
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myalgia, and 102 who reported muscle aches. Liver enzymes and creatinine
kinase concentrations were not statistically significant between the two groups.
Two-fold differences between those with prior vascular disease (26 cardiac
events/1000 patients/year for placebo vs. 18 cardiac events/1000 patients/year for
pravastatin) and those without prior vascular disease (15 cardiac events/1000
patients/year vs. 9 cardiac events/1000 patients/year) were noted.*®

The Long-Term Intervention with Pravastatin in Ischemic Disease (LIPID)
Study was designed as a randomized, double-blind, placebo-controlled trial being
performed in 85 teaching hospitals or provincial base hospitals in Australia and
New Zealand.’'> Between April 1990 and September 1992, 11,106 patients
were registered, resulting in 9014 final subjects. Baseline cholesterol levels were
155-271 mg/dl (4.0-7.0 mmol/L). Patients received either pravastatin 40 mg
nightly or placebo. As of February 1, 1995, 1096 (12.2%) of the patients
receiving either treatment had discontinued treatment. Overall compliance was
estimated to be approximately 87 percent. The blinded CAD mortality rate for
both treatment groups was 1.8 deaths (1.6-2.0) per 100 person years. It is
estimated that deaths due to CAD will account for 80 percent of total mortality
and that in the control group the CAD death rate would be approximately 2
percent per year after the first 12 months. The trial continues.

The Scandinavian Simvastatin Survival Study (4S) was a randomized,
double-blind, study designed to evaluate the effect of cholesterol reduction with
simvastatin on mortality and morbidity in hypercholesterolemic patients with
angina pectoris or myocardial infarction.”>>® There were 4444 patients selected

for inclusion and they were followed at 94 clinical centers in Scandinavia. The
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median follow-up time was 5.4 years, with a range of 4.9-6.3 years. During the
study, 438 patients died, 256 (12%) in the placebo group and 182 (8%) in the
simvastatin group. The relative risk of total mortality in the simvastatin group
was 0.70 (95% CI 0.58-0.85), p = 0.003. The relative risk of coronary death in
the simvastatin group was 0.58 (95% CI 0.46-0.73). There were no statistically
significant differences between the two groups with respect to non-cardiovascular
deaths, violent deaths (suicide + trauma), fatal cancers, cerebrovascular deaths, or
deaths from other cardiovascular diseases. Numerous secondary endpoints are
itemized in the reference section of the article by Kjekshus and Pederson.>

The Lipid Research Clinics Coronary Primary Prevention Trial (LRC-
CPPT), initiated in 1973, looked at 3810 men (age 35-59 years) with elevated
plasma cholesterol levels (265 mg/dl or greater). The subjects were to be treated
with either cholestyramine resin or placebo (double-blind assignment), and
followed for approximately seven years.””’ The primary endpoint for evaluating
treatment was the combination of definite CHD death and/or definite non-fatal
MI. Additional endpoints included “suspected atherosclerotic CHD death,”
suspected MI, EKG (as classified by Minnesota Code), enzymes (both diagnostic
and equivocal), and other deaths not attributable to CHD. Using the stratified log
rank test, the cholestyramine group had a 19 percent (90% CI 3-32%), p<0.05
lower incidence rate of CHD than did the placebo group. The all-cause mortality
was reduced only by 7 percent in the cholestyramine group (90% CI -23% to
+32%).

In 1973, a random sample of 4637 men (35-64 years old age), 99 percent

of whom were of French Canadian descent, was recruited in the Quebec city
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metropolitan area for the purpose of gathering prospective evidence for an
association between small, dense LDL particles (LDL-PPD) and adverse
events.”® Starting in 1985, the relationship between apoprotein (apo) A-I, apo B
levels, and ischemic heart disease (IHD) in 2155 men (aged 45-76 years old and a
subset from the original 1973 Quebec Cardiovascular study) was investigated
using S5-year survival data from 1985 to 1995. The diagnosis of first IHD event
included typical effort angina, coronary insufficiency, non-fatal MI and coronary
death. Cox Proportional-Hazards Coefficients, stepwise analysis for the
prediction of IHD, and Multivariate Conditional Logistic Analysis were done
using seven different models to estimate odds ratios (95% Cls) for these events.
Potential confounders, such as diabetes mellitus, medication use, family history of
IHD, and systolic blood pressure were adjusted for in determining the odds ratios.

The Multiple Risk Factor Intervention Trial (MRFIT) used diet as the sole
lipid-lowering treatment.®*®! The conclusions from this study were that there are
additive independent relationships between macronutrient intake and blood
pressure, independent of dietary sodium, potassium, alcohol, and calorie balance.
The authors imply that this contributes “importantly” to the prevention and
control of high-normal and high blood pressure and major cardiovascular
diseases.

There are a number of review articles that discuss a variety of clinical
trials using clinical endpoints of risk of reinfarction, risk of CHD, rate of fatal
CHD or non-fatal MI, rate of non-CHD mortality, total mortality, or risk of
CAD %% These reviews will not be discussed here in detail; however, the reader

is referred to them if further details are desired. A variety of drug therapies in
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addition to dietary modification were used in the trials discussed. The trials
varied in duration from several weeks to years. The findings were mixed as to the
results of lipid-lowering treatment.

The Familial Atherosclerosis Treatment Study (FATS) used angiographic
evidence as the primary endpoint for statin therapy.””’> Or put another way, the
change in the severity of disease in the proximal coronary arteries was assessed
by quantitative artiography and served as a measure of clinical effectiveness.
After 2 1/2 years, the average percentage of stenosis increased by 2.1 percentage
points with conventional therapy, decreased by 0.7 percentage points in treatment
with lovastatin and colestipol, and decreased by 0.9 percentage points in
treatment with niacin and colestipol.

The Canadian Coronary Atherosclerosis Intervention Trial (CCAIT) was
undertaken to determine whether lovastatin retarded the progression or facilitated
the regression of coronary atherosclerosis as assessed by serial quantitative
coronary arteriography.73 ™ This trial looked only at high risk patients and was a
retrospective analysis of 313 medically treated patients who had two coronary
arteriograms. Coronary events and classification of angina class during the study
were also collected. Multivariable analysis indicated that the observed coronary
change score between the treatment groups was small (0.04 mm), and is of
debatable clinical relevance. The authors state that on a per-patient basis, the
active treatment reduced progression of lesions (even without regression
elsewhere) by 1/2 to 1/3. They further state that 42 percent of the lovastatin
group still had progression of some type. They conclude that lovastatin slows

coronary progression and prevents the development of new coronary lesions.
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The Pravastatin, Lipids, and Atherosclerosis in the Carotid Arteries
(PLAC-II) trial consisted of 151 coronary patients who were randomized to either
placebo or pravastatin and then treated and followed for three years.”>’° This trial
was initiated in 1987 and used B-mode ultrasonography to quantify intuinal-
mediated thickness (IMT) of the extracranial carotid arteries as the primary
outcome. This study used both men and women who had elevated LDL
cholesterol levels. Pravastatin was associated with a 12 percent reduction in the
progression rate of the primary outcome measure, but this was not statistically
significant (p = 0.44). Pravastatin was associated with a 60 percent reduction in
clinical CAD events (p = 0.09), a 61 percent reduction for the combined endpoint
of any coronary event and any death (p = 0.04), and an 80 percent reduction in
fatal plus non-fatal MI (p = 0.03).

The Asymptomatic Carotid Artery Progression Study (ACAPS) used the
statins alone or in combination with other agents over a 3-year period in 919 men
and women, to evaluate whether the progression of IMT in carotid artery
segments was retarded.”” As a secondary endpoint, major cardiovascular events
were monitored. The authors conclude that this study shows that B-mode
ultrasonography is a statistically valid and efficient technique for measuring
progression of carotid atherosclerosis, and that even with their limited
prespecified power, that the potential preventative effect of statins on major
cardiovascular events and all-cause mortality was supported.

The Kuopio Atherosclerosis Prevention Study (KAPS) was a population-
based, double-blind trial in the primary prevention of carotid and femoral

atherosclerosis using pravastatin 40 mg daily or placebo, for a period of three
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years.™" There was a 45 percent reduction (95% CI 16-69%) in progression in
the carotid arteries with pravastatin. When the carotid and femoral segments
were combined, there was a 32 percent treatment effect (95% CI 7-53%, p
=0.020). The number of clinical cardiovascular events was lower for the
pravastatin group, but not statistically significant.

The Regression Growth Revaluation Statin Study (REGRESS) was
designed to determine the effects of lipid reduction with pravastatin on the
progression and regression of coronary atherosclerosis in a broad range of
patients.*™®! A total of 885 patients in the Netherlands were randomly assigned to
study groups: 230 in the percutaneous transluminal coronary angioplasty (PTCA)
group; 282 in the coronary artery bypass graft (CABG) group; and 373 to the
medical management group. The authors concluded that REGRESS showed a
beneficial effect of pravastatin on the primary (angiographically assessed
progression and regression of coronary atherosclerosis) and secondary
(occurrence of clinical events) endpoints in both coronary and peripheral arteries.
They also stated that B-mode ultrasound data cannot be unconditionally used as a
substitute for coronary arteriography.

Three other trials using angiography or similar techniques to monitor
endpoints were the Multicentre Anti-Atheroma Study (MAAS),** the Harvard
Atherosclerosis  Reversibility  Project (HARP).*** and the Monitored
Atherosclerosis Regression Study (MARS).® Review articles comparing and
contrasting these and similar studies are also available.'***" These will not be
discussed here other than to state that mixed results were found and that as the

etiology and course of atherosclerosis continues to be revealed through ongoing
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research, new approaches to measuring endpoints should be developed as these
studies did not yield definitive findings.

Trials looking specifically at risk of stroke are much less numerous than
the other clinical endpoints trials for lipid-lowering therapy. Five articles were
found, three of which were review articles.'**** The majority of these articles
were descriptive in nature or were in the form of post-hoc analysis of trials that
reported stroke, although not as the primary endpoint. The trials used statins, diet
alone, or other interventions, and reported mixed results. As most of the trials
were conducted in men, nothing could be extrapolated to women.

The majority of the clinical trials use either total cholesterol level (in older
trials) or LDL level (in more recent trials) as their primary endpoints. It is beyond
the scope of this paper to address all these trials. Most of the previously
discussed trials also included measurement of these levels at baseline and during
the course of the trial. The reader is referred to a selection of the review articles
found during the literature review.'**>*” These trials usually showed a reduction
in‘ LDL or cholesterol level with a corresponding reduction of CHD, CAD, or
other cardiovascular events. The reduction amounts varied depending on the
agents used and what other risk factors were present. In general, the statins
lowered the LDL levels in the 20-40 percent range, while combination therapy
was most effective in those situations where triglycerides were elevated or the
hypercholesterolemia was due to an underlying disease state.

Specific trials in special populations will be discussed here briefly,
although many more are available in the literature.  The Heart and

Estrogen/Progestin Replacement Study (HERS) matched hormonal therapy in
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women with established coronary disease to determine if the NCEP guideline
levels of LDL reduction were attainable.”® The Cholesterol and Recurrent Events
(CARE) trial matched reduction in CAD events to reduction in cholesterol level.”
The Helsinki Heart Study tested the hypothesis that lowering LDL-C and
triglyceride (TG) levels and elevating HDL-C levels with gemfibrozil in
dyslipidemic men would reduce cardiac events.'® """ The Expanded Clinical
Evaluation of Lovastatin (EXCEL) Study was undertaken to clarify the dose-
response relation of lovastatin therapy to lipid-modifying efficacy in a mixed

102-104

population of moderately elevated cholesterol patients. The Systolic

Hypertension in the Elderly Program (SHEP) sought to explore the idea that

105.106 \vhile the Leiden

serum lipids remain CHD risk factors in older Americans
85-Plus and Zutphen studies explored similarly elderly representatives in two
towns in the Netherlands.'” The Rancho Bernardo Heart and Chronic Disease
Study followed 2360 middle to upper-middle class men and women of a
community in southern California from 1984-1994 to study the effects of age,
weight change, and covariates on lipid and lipoprotein levels. 108

Ethnic populations were studied in the following four studies. In the
Bogalusa Heart Study,'®''* biracial children in this Louisiana town were
monitored for 15+ years for the effects of dyslipidemia on CAD and other
cardiovascular risks. In the San Antonio Family Heart Study (SAFHS),'"
Mexican Americans in 42 extended families were examined for lifestyle and
medical history as well as phenotype assessment for the purpose of proposing

genetic factors for cardiovascular risks. The San Luis Valley Diabetes Study''?

compared and contrasted plasma levels of various lipid and lipoprotein
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components to determine if there were quantitative differences between
normoglycemic Hispanics and normoglycemic non-Hispanics in this area of
Colorado. One of the goals of the National Health and Nutrition Examination
Survey (NHANES I) Epidemiologic Follow-up Study'”® was to collect
longitudinal health information stratified by ethnicity, specifically about African-
Americans.

None of the trials discussed in this section has definitively answered the
question of which is the “best” clinical endpoint or which is the “best” treatment
approach. There is no one “best” answer as there are seemingly endless list of “it
depends” modifiers to potentially invalidate what is seen in the trials. The best
approach appears to be that of the NCEP'! which is to evaluate the cardiac risk

factors present and to initiate therapy when indicated.

STATIN-SPECIFIC CLINICAL TRIALS

At the present time, there are five HMG CoA reductase inhibitors
available in the United States. They are atorvastatin (Lipitor® by Bristol-Myers
Squibb), fluvastatin (Lescol® by Sandoz), lovastatin (Mevacor® by Merck),
pravastatin (Pravachol® by Bristol-Myers Squibb), and simvastatin (Zoéor® by
Merck). Similar to certain antibiotics, the statins can be considered as having
“generations” with lovastatin and pravastatin being first generation statins
(derived from natural sources through fermentation), simvastatin being a “first-
and-a-half** generation statin (semi-synthetic), fluvastatin being a second

generation statin (a racemic synthetic), and atorvastatin being a third generation
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statin (a pure enantiomer synthetic). Atorvastatin, fluvastatin, and pravastatin are
taken in the active hydroxy-acid form''* while lovastatin and simvastatin are
taken as prodrugs, meaning they must be converted into active metabolites in the
body.

All the statins work by inhibiting endogenous cholesterol synthesis. This
is done by inhibiting the enzyme HMG-CoA reductase which, in turn, impedes
mevalonic acid formation, a rate-limiting step in cholesterol synthesis. Because
there is less cholesterol within fhe cell, the theory is that the cell increases the
number of LDL-receptors to enable LDL cholesterol to be transporte.d from the
plasma into the cell. As a group, statins generally lower LDL cholesterol by 20-
40 percent and increase HDL cholesterol (the “good” cholesterol) by 5-10
percent.“5 As a group, their adverse effects include headache, GI disturbances,
liver enzyme elevation, skin rashes, myopathy with elevated creatinine
phosphokinase (CPK), and rhabdomyolysis and acute renal failure in rare
instances (especially in patients receiving cyclosporine, gemfibrozil, niacin,
erythromycin, clarithromycin, or azithromycin).''® There is some evidence that
atorvastatin lowers triglycerides to a greater extent than the other statins, although
the exact mechanism of how it does this is still unclear. Lovastatin should be
taken with meals to improve its bioavailability, while the rest of the statins do not
have this requirement.

A further literature search looking specifically at statins and clinical trials,
beyond those trials already discussed, yielded the following results. There were

117-152

36 clinical trials investigating a specific statin, seven clinical trials

investigating combination therapy with a statin and another agent,”" 10
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clinical trials investigating statin therapy as compared with another specific lipid-

160-169

regulating agent, and 10 clinical trials that were head-to-head comparisons

. . . . -17 . .
of a specific statin with one or more other statins.'’>'”> There were eight review

180-187

articles that dealt with specific statins, one review of all the statins,'®® two

189190 and two articles (a review and a commentary)

reviews of statin versus statin,
addressing the potential of carcinogenicity of lipid-lowering drugs in
general. "2 Four articles were found that addressed the cost-effectiveness of
statins or lipid—lowering.treatments including statins.'”*'*® Seven other articles
were also found that dealt with statin therapy and clinical trials pertaining to
them_ 197293

The trials used a variety of methodologies as well as a variety of
therapeutic endpoints to look at a variety of treatment modalities. The general
consensus of the articles was that the statins were highly effective at reducing
LDL levels and were generally well tolerated, although there have been myalgia,
elevated liver enzymes, and increased risk of cancer in animal studies. There is
some concern that since this class of drugs has only been available to the public in
the United States since 1987, the long-térm effects are still undetermined. The
consensus was also that these agents should be used as an addition to dietary
treatment, never as a replacement for diet modification. All the treatment criteria
mentioned in the first portion of this report should be followed before initiating
statin therapy (such as high risk patients, those with greater than two risk factors,

those with prior coronary or cardiovascular events, and those with comorbid

conditions).
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Some of the statin trials were performed in specific subpopulations of
patients. The consensus was that if there is an underlying disease state or
environmental concern that can be modified (such as increasing exercise, having
good diabetic control, losing weight, or ceasing to smoke), these strategies should
be implemented prior to drug therapy if at all possible. Those patients with
familial hypercholesterolemia usually will require treatment with another drug in
addition to a statin as statins do not exert much effect on triglyceride levels. It
was also the consensus that if a therapy failed, it was often better to add a
different drug to the regimen instead of just increasing the dose of the present
statin. There is a diminishing return in LDL lowering with the higher statin
dosing levels. The statins were conventionally viewed as interchangeable with
one another, with no real advantage or disadvantage. Atorvastatin, the newest
release in the United States, is being touted as having greater triglyceride effects
as well as HDL elevation effects. Pravastatin is more lipophilic than the others,
which some feel may be an advantage or disadvantage. Several of the drugs are
administered as pro-drugs (lovastatin) while others are administered as active
drug (pravastatin). All have a significant first pass effect, which is not surprising
as the target organ for action is the liver. Usually any liver enzyme elevations
gradually return tobnormal after discontinuation, and are generally seen in only 1-

2 percent of all patients.
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CLINICAL TRIALS/ARTICLES ADDRESSING EPIDEMIOLOGIC OR
COST ISSUES PERTINENT TO HYPERLIPIDEMIA

From the standpoint of using LDL as a surrogate or intermediate endpoint
for measuring reduction in coronary events as well as other cardiovascular
consequences, the previously discussed trials and articles support this premise for
the most part. Although there continues to be debate as to whether LDL level is
“the” best predictor for decreased risk of coronary or cardiovascular events, it 1s
generally agreed that there is a corresponding proportional drop in events when
the LDL level is lowered. Since “true” endpoints of decreased morbidity and
mortality may take decades to manifest, especially in the primary prevention
patients, LDL level is considered an appropriate measure of disease progression.
In fact, one recent study from Finland investigated the effects of a low saturated
fat diet during the first three years of life on preatherosclerotic lesions and lipid

1.2% Another study from North America is a longitudinal study of

levels in genera
the development of cardiovascular risk factors in children from ages 8 to 18.°%
Here total cholesterol levels are being tracked as predictors. The Cardiovascular
Risk in Young Finns Study’” monitored a variety of serum lipid levels from
1980-1992 in children and young adults. The Framingham Study was revisited by
William B. Kannel®” to determine the relative risk of a variety of coronary
problems based on serum cholesterol levels. The National Health and Nutrition
Examinations Surveys (NHANES) II (data collected from 1976-1980) and III
(data collected from 1988-1991) were analyzed in three articles®**' which

focused on epidemiologic issues. The effects of socioeconomic status (SES) on

cardiovascular risk, including serum total cholesterol levels, were investigated in
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the Minnesota Heart Survey.”!' Until more definitive lipoprotein indicators can
be discovered along with the laboratory techniques necessary to capture them,
monitoring LDL levels seems a reasonable surrogate to measure in clinical trials.
There has been some concern from a monetary point of view that treating
every patient who could be eligible for lipid-lowering therapy will be cost-
prohibitive. The general consensus was that following the NCEP’s guidelines
should help avoid this. LaRosa,'® states: “...the studies of cost effectiveness” in
secondary prevention “are fairly consistent in demonstrating that such

»

intervention is not only highly cost effective but even cost saving.” He goes on,
however, and states: “...the argument” often used against primary prevention is
“that too many patients have to be treated to prevent 1 coronary death.” Gonzalez
(1996)*"* maintains that “..it appears that therapy with HMG-CoA reductase
inhibitors can lower overall health care costs in patients with CHD by decreasing
the use of more expensive services” (such as coronary events, hospitalizations,
and corrective procedures). From a marketing point of view, when fluvastatin
was released to the general public, the pricing strategy was such that both the
higher and lower strength dosage forms were identically priced, as well as being
much lower than the statins currently on the market. It was not surprising to see
that the cost-effectiveness articles at that time tended to pick fluvastatin as the
preferred agent. >

Studies having cost-effectiveness components have calculated ratios in a
number of ways. Jacobson (1996 estimated cost-effectiveness by annualizing

drug costs (only average wholesale acquisition costs were used to represent costs)

and then indexing these against effectiveness (reduction in LDL cholesterol),
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yielding cost per 1 percent reduction in LDL cholesterol. The author states that
“most cost-effectiveness analyses with the statins support the suggestion that drug
acquisition costs account for the majority of changes in the cost-effectiveness
ratios.”> He also states, “Overall, fluvastatin has the lowest cost per LDL
cholesterol reduction.” Martens et al. (1994)195 estimated cost-effectiveness
based on cost per year-of-life saved. They incorporated drug costs (acquisition
costs) and monitoring costs into their estimate of annual cost of therapy. They
concluded that future head-to-head studies using statins “could provide further
evidence that therapy initiated with fluvastatin may be the most cost-effective
way to treat” eligible patients.195

Spearman ef al. (1997)” estimated cost-effectiveness using direct medical
costs (physician and laboratory costs) and pharmacy costs (charges for statin
drugs with discounts, rebates and patient co-pays deducted, and dispensing fees)
to represent treatment costs. Effectiveness was represented by percent reduction
in LDL cholesterol. They also looked at cost-effectiveness from the patient’s
perspective using the above cost estimates and foregone wages (including adverse
drug effects and opportunity costs to the patient in addition to lost wages) to
depict total costs. Percent reduction in LDL was based on the six-month value
after statin initiation As this study was conducted in a managed care
environment, all physician and laboratory costs were considered constant and the
only discriminating factor was drug cost. The authors found that, “in every
instance, the CE ratio of fluvastatin was less than that of the other...products.”29

Sensitivity analyses were performed using the 25" and 75" percentiles as best

case and worst case scenarios.
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One interesting prospective study has as its purpose to be “the first direct
cost-effectiveness comparison of several agents in the same class” (the statins).'”
As this study is still in the design stage, no data are yet available. The authors are
estimating cost-effectiveness in three ways. The first way is by measuring the
cost of treatment per percentage of patients reaching NCEP target LDL goal at
any time during the study. The second approach is by measuring the cost per
percentage of patients at NCEP target level at the end of the study. The last
estimation will be based on the cost per percentage change in the LDL (although‘
the time frame is not specified here). The authors postulate that the statins can be
ranked based on effectiveness as follows: atorvastatin > simvastatin > lovastatin
> fluvastatin (pravastatin is not addressed in their study). Fluvastatin is described
as being “the léast effective on a per milligram basis, but the price per tablet is
the lowest.”'” They justify their study by the belief that comparing the actual
resource utilization helps to define the true cost of therapy. 173

Several articles were found that addressed costs and various healthcare
scenarios, both specific to hyperlipidemia and to healthcare in general. One
article specific to hyperlipidemia quoted cost-effectiveness ratios from $3,300 to
$15,000 per year of life saved in older men and women treated for secondary
prevention with statins.2!®  Another focused on dietary treatment in Spain and
found cost-effectiveness ranges of $6,270 to $61,439 per year of life gained for
men and $28,067 to $171,459 per year of life gained for women.”"* A third
article presented several interesting nomograms for predicting five and ten year
risks of a cardiovascular or cerebrovascular event in those with no prior history of

such.*’® An additional article addressing formulary management in a MTF was
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also found.?'® While this article did not specifically deal with cost, it not only
provided an overview of how the formulary process works in the MTF
environment but also explained why cost-effective prescribing and utilization is
critical given the constraints of modern healthcare. This article puts the present

research into the realm of practical applicability.

SECTION 111

COMPUTER DATABASES

This section will briefly discuss both the advantages and disadvantages of

using a large database as the source of research data.

ADVANTAGES

The most obvious advantage to using a large database is that, if it is
comprehensive and complete, it will be analogous to “one-stop shopping.”
Theoretically every data field the researcher needs would be contained in an
easily accessible format within the database. Managed care organizations’ 17.218
and governmental agencies®’” have historically maintained large databases,
although claims processing and tracking have been the primary roles. Often these
populations represented by the databases are required by their healthcare
coverage to use specific providers and facilities, which allows for a greater
probability that healthcare encounters will be captured in those databases. The

large number of subjects available to the researcher in a single location may also
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be advantageous as it is more efficient from a time and money standpoint. Large

h'*! since past

databases facilitate both retrospectivezzo or prospective researc
data can be retrieved while prospective data can be accumulated in a concurrent
manner. As information technology and management continue to develop,‘
extracting data from these databases should become faster, easier, and more

comprehensive, provided the desired information is recorded there in the first

place.

DISADVANTAGES

The major disadvantage with databases of any type is that the desired
information may not be present or, if present, will be of indeterminate validity.
Often databases are not integrated, resulting in piecemeal data collection. Or the
data may only be accessible through running reports and then manually analyzing

[

the results. In the words of one author: “..manually extracting” data “from

reports that are printed from one database and then reentering the information

222

into another database is time-consuming and inefficient.”™ There is also the
potential for selection bias in the study population as only those who have data in
the database may be selected. Lack of standardized data entry protocols may also
be a concern when using databases.

As computer technology expands into all arenas of healthcare, the concern
for patient privacy and confidentiality has become more common. As the move

towards a “paperless” medical chart continues, an increasing amount of very

sensitive and potentially harmful information is being stored in these databases.
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The concern is that this information is not being adequately safe-guarded against
access and use by unauthorized individuals and organizations.*” This matter is
essentially a question of how to balance the personal privacy of the individual
against the societal benefits derived from accessing and utilizing the information
in question. Most legislation addressing the privacy issue is generated at the state
level and, as such, varies greatly. As this study is being conducted in the military
environment, unique privacy regulations are in place to protect patient
confidentiality. No patient identifying characteristics may be released without
patient consent. Any data analysis that is published or leaves the confines of the
MTF must be done in an aggregate form or with all patient specific information
deleted. As patient identification numbers are variations of social security
numbers, it is especially critical that this information not be released to

unauthorized persons or organizations.

SECTION IV

RATIONALE FOR THE STUDY

- Dyslipedemias in the industrialized nations remain the number one killer
despite public health initiatives to control them through dietary modifications.
The NCEP has established specific treatment guidelines based on risk factors and
LDL levels as criteria for treatment protocols. The statins, although only in

clinical practice for approximately 10 years, have been shown through clinical
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trials to be effective in reducing serum lipid levels and effecting a corresponding
reduction in coronary and cardiovascular events. The use of LDL levels as a
surrogate endpoint is supported by the literature.

The dissertation will tie statin utilization with LDL level in the selected
DoD database using a retrospective longitudinal approach to evaluate
effectiveness (how well the statins work in “real-world” practice settings) as
compared to efficacy (how well they work under ideal conditions such as
randomized control trials). This approach is supported by the literature, as
discussed previously. With the implementation of the Composite Health Care
System (CHCS) computer system, the pharmacy database énd the laboratory
databases can be accessed from the same terminal. For the purposes of the
dissertation, it is assumed that all patients have followed and continue to follow
the NCEP guidelines concerning dietary modification at the same level. It is also
assumed that as these drugs tend to be expensive, retailing for between $50 to $80
per month, the prescription utilization records should be fairly complete (the
barrier to acquisition due to monetary expense having been eliminated).

Since the management of hyperlipidemia cost the DoD $40 million
annually in FY93 for lipid-lowering agents alone, this is an issue of‘ importance.
Data collection and analysis will provide valuable information to military
decision-makers that is not otherwise readily available now. When useful
findings can be demonstrated by utilizing the present integrated CHCS database,
this will allow future research or analysis projects to be more fully supported and

encouraged.
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SECTION V

PURPOSE, OBJECTIVES, AND HYPOTHESES

The overall purpose of this study is to examine patient outcomes, using
LDL cholesterol blood levels as surrogates for long-term cardiovascular effects,
for a select population of military beneficiaries in the San Antonio, Texas,
catchment area who are receiving HMG-CoA reductase inhibitor (statin) therapy
for hyperlipidemia. An additional aim for this study is to use the integrated
CHCS database as the source for all data collected as it is a virtually unexplored

resource.

The specific objectives of the study are:

1. to determine whether LDL cholesterol blood levels are being

‘ lowered by statin therapy in the actual-use setting of military
beneficiaries in the San Antonio CHCS population as predicted by
the October 1995 PEC guidelines and by clinical trials;

2. to determine whether there are any differences in this population
in percent LDL reduction between the specific statin drugs used,
and

3. to compare the cost-effectiveness by calculating treatment cost

(medication costs, office visit costs, and laboratory costs) per
percent reduction in LDL cholesterol.

For each of the above objectives, data from primary and secondary

patients will also be assessed separately.
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HYPOTHESES

1.

There is no difference between LDL level reduction due to statin therapy
in the military beneficiary population in San Antonio, Texas, and that
predicted by the 1995 PEC hyperlipidemia treatment guidelines or that
observed in clinical trials using statin therapy (to be calculated
individually by treatment/dosing regimen and by specific statin class).

There are no differences between the five statins (atorvastatin, fluvastatin,
lovastatin, pravastatin, and simvastatin) in the mean percent reduction in
LDL.

There are no differences in the cost-effectiveness between the five statins.
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CHAPTER TWO

METHODOLOGY

This chapter presents a discussion of the design of the study. Included are:
(1) the source of the data; (2) a brief description of the study population and the
criteria used in the selection of the final study subjects; (3) a brief description of
the study design; (4) the how, what, and why of data collection for the study; and

(5) how the data were analyzed for each of the three objectives.

DATA SOURCE

The Department of Defense’s (DoD) Composite Health Care System
(CHCS) computer system in the greater San Antonio, Texas, area was the primary
data source.  The aggregate prescription database maintained by DoD
Pharmacoeconomic Center (PEC) personnel was used as a supplemental data

source.

STUDY POPULATION

Military beneficiaries receiving HMG-CoA reductase inhibitor (statin)
prescriptions between 28 Feb. 96 and 4 Apr. 98 at any of the five Military
Treatment Facilities (MTFs) in the greater San Antonio area using the CHCS
system were eligible for this study. The study selection criteria includedvbeing
statin-naive (a minimum of six months of “statin-free” prescription history prior
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to the initial statin prescription), having at least two low-density lipoprotein
(LDL) levels on record (one before statin therapy and one after initiation of statin
therapy), and having received more than a single prescription fill for a statin drug.

Potential subjects were identified by running a drug utilization review
(DUR) report for new statin patients during three selected months, October, 1996,
April, 1997, and October, 1997. As patients identified to be potential subjects
were followed backward in time to the initial statin prescription fill, this
researcher felt these three months, although not randomly selected, would allow
sufficient diversity for capture of statin naive patients.

The target population was narrowed to statin-naive individuals so that
more accurate pre- and post-statin LDL levels could be determined. The 1990
Food and Drug Administration (FDA) guideline on clinical evaluation of anti-
hyperlipidemia therapy' recommends that three pre-treatment labs be performed,
with draw intervals of one to four weeks being optimal. The laboratories at the
MTFs in the greater San Antonio area use the Friedewald formula to calculate
LDL levels. This is done by calculating LDL from total cholesterol (TC), high-
density lipoprotein (HDL), triglycerides (TG), and/or very-low-density lipoprotein
(VLDL) as shown below:

LDL =TC - HDL - (TG/5) or

LDL=TC-HDL - VLDL

This equation is invalid when TG is 400 mg/dl or higher, with the LDL value

being reported as zero or missing.” A minimum of two recorded non-zero low

67



density lipoprotein (LDL) cholesterol blood levels, one before statin therapy and
one after initiation of statin therapy was used for the purposes of this study.

_Although the literature establishes a minimum of 80 percent compliance’,
this is an actual-use study, so all compliance rates were allowed. Compliance
was calculated by adding up all the medication the patient received from the first
statin prescription to the last statin fill (excluding the amount of medication
received in the final fill), expressed in number of days supply (one tablet twice a
day, #180, was recorded as a 90-day supply), dividing this by the number of days
between the initial statin prescription and the last recorded statin fill, rounded to
months (for example, 1 Apr. 96 to 31 Mar. 98 was counted as 690 days just as 31
Apr. 96 to 1 Mar. 98), and then multiplied by 100 to give the percent compliance.
Patients who received only a single filling of a statin prescription were not
included in the study. It was assumed that all medication had been taken by the
patient when the prescription was refilled.

Patient therapy and target LDL levels are based on stratification of
patients into primary or secondary prevention and then subdivided further based
on presence of negative or positive risk factors. Patients were categorized into
primary (without established coronary heart disease) or secondary (with
established coronary heart disease) prevention based on drug therapy received.
Upon the advice of Dr. Robert Talbert, Professor at the University of Texas, a
very conservative approach of nitrate use or admission to a coronary care unit
(CCU) was used to classify patients as secondary prevention (those with
established coronary heart disease (CHD)) or primary prevention (those without
established CHD).* Subjects were stratified by risk factor and comorbid
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conditions, using specific drug therapy as a surrogate for the more routinely used
diagnoses codes (with guidance from Dr. Talbert). Table 2.1 lists the risk factors
other than LDL for CHD, showing that positive risk factors (at risk for developing
CHD) include being a male o‘}er 45 years of age, a female over 55 years of age or
under that age with premature menopause and no oral estrogen replacement
therapy, having a family history of premature CHD, having a history of cigarette
smoking, having hypertension, having a low HDL level (< 35 mg/dl or 0.9
mmol/L), or having diabetes mellitus. Table 2.1 also shows that having a high
HDL level (> 60 mg/dl or 1.6 mmol/L) is a negative risk factor (it has been

associated with decreased risk of developing CHD).

Table 2.1 CHD Risk Factors Other Than LDL

POSITIVE RISK FACTORS =~ - NEGATIVE RISK FACTORS
- Age - High HDL level ( > 60 mg/dl)
Male > 45 years of age

Female >55 years of age or premature
menopause without oral estrogen
replacement therapy

- Family history of premature CHD

- Cigarette smoking

- Hypertension

- Low HDL level ( < 35 mg/dl)

- Diabetes mellitus
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Table 2.2 shows the target LDL levels post-treatment, as stratified by risk
category, and is based on the National Cholesterol Education Program (NCEP)
Guidelines.> Those with established CHD should achieve an LDL level of < 100
mg/dl (or 2.6 mmol/L). Those without established CHD, but with two or more
risk factors, should achieve an LDL level of < 130 mg/dl (or 3.4 mmol/L). Those
without established CHD and with less than two risk factors should achieve an

LDL level of < 160 mg/dl (or 4.1 mmol/L).

Table 2.2 Treatment Goals, Based on NCEP Guidelines

Patient Stratification by | LDL Level for Initiation |  LDL Goal of
__RiskCategory |  of Drug Therapy Therapy
Secondary Prevention > 130 mg/d! <100 mg/dl
- With CHD
Primary Prevention > 160 mg/dl <130 mg/dl
- Without CHD
- With > 2 risk factors
(High Risk)
Primary Prevention > 190 mg/dl <160 mg/dl
- Without CHD
- With < 2 risk factors
(Low Risk)
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STUDY DESIGN

This was a longitudinal retrospective analysis of an existing database in
the non-randomized, multiple group, pretest-posttest format. As shown below,
the observations (O) to the left of the intervention (initiation of statin therapy or
X) represent the pre-therapy mean LDL levels while the observations to the right
of the intervention represent the post-therapy LDL levels, which will be
calculated as both the mean overall post-treatment LDL value and the difference

between the mean pre-treatment and final LDL value.

O, X, 0, Atorvastatin
O; X, 0Oy Fluvastatin
Os X; O Lovastatin
0, Xy Og Pravastatin
Oy Xs O, Simvastatin

DATA COLLECTION

Data collection was performed solely by this researcher. Data were
collected from CHCS at a computer.terminal at the PEC or by remote modem
access from the researcher’s home in San Antonio. Only the researcher had
access to the complete patient information files and a unique identification
number was assigned to each subject once all data were collected (patient names
and social security numbers were removed for patient privacy).

To determine if the patient met the selection criteria previously described,
different portions of the CHCS computer system were utilized. CHCS does not
have a fully integrated database, so structured queries combining information

from different disciplines (patient records, pharmacy, and lab) were impractical.
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Therefore, the information residing in each area was gathered by manually
looking up each patient in that particular portion of CHCS, transcribing the data
onto printed-out worksheets, and then entering the coded data into a Statistical
Processing for the Social Sciences (SPSS) data file.

Patient demographic information was gathered from the patient
registration records field and included patient age, sex, branch of service/member
type (such as active duty Air Force member vs. Navy retired farriily member),
race/ethnicity, whether the patient had any other medical insurance (those 65
years of age or older were assumed to have Medicare insurance), and whether a
Texas or out-of-state address was on file for the patient. Other than the
assumption concerning Medicare insurance in those over 65 years of age, if the
information was missing, it was coded as such (“.”"). The data were either entered
numerically (such as patient age) or categorically (such as sex, service type, race,
insurance, and address).

The prescription portion of CHCS was examined to determine prior statin
usage, prescription fill/refill history, date of first and most recent statin
prescription, drug and dosing regimen of initial and final statin prescription,
amount of medication patient received during the study period, number of days
between first and last statin prescription fill, other drug therapy to serve as
surrogate for CHD risk factors or comorbid conditions, and any pertinent side
effect comments noted on the patient’s prescription profile (“patient allergic to
pravastatin - rash”). If the data were missing, they were coded as such (“.”). The

data were entered both numerically (such as days supply of medication and time
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between first and last fill) and categorically (such as drug/dosage, comorbid
conditions, and patient comments).

The laboratory portion of CHCS was examined to determine if sufficient
LDL lab work was on file. The 1995 PEC Management of Hyperlipidemia
guidelines specify that thére should be a six-month dose titration period for new
patients (with follow-up every two months), then an initial maintenance phase for
one year (with follow-up every three months), and the continual maintenance
phase (with follow-up every six months).® The labs at the greater San Antonio
MTTFs use serum as the source for lipoprotein analysis and it is recommended that
the lipid panel/profile be drawn in the fasting state. In those patients whose
prescription records showed early discontinuation of therapy (such as receiving
two statin fills in late 1996 only but continuing to get other prescriptions filled),
lab values for liver function tests were obtained in an attempt to determine if side
effects as indicated by abnormal labs were possible explanations. Since the
Friedewald formula will not work when triglycerides are greater than 400 mg/dl,
if chylomicrons are present, or if the patients has Type III hyperlipidemia, the
reported LDL value is “0” in these cases. These values were coded as missing
).

The variables collected depended on availability of recorded labs and
included measured total cholesterol, HDL, and triglycerides, as well as calculated
values of LDL and cholesterol/HDL ratio. The data were entered based on the
timing relationship with the initial statin prescription fill (such as pre-treatment
LDL level 1 or 2, post-treatment LDL level at the 2 month, 4 month, 6 month, 9,

month, 12 month, etc., PEC guideline recommended intervals). The data were
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entered as numerical values. Most labs were not drawn on the exact schedule
used by the PEC in their guidelines. The time closest to the target was used as
was the mean value in the case of multiple labs (such as the nine month schedule
was given as 150 if the eight month value was 200 and the ten month value was
100, but the count for number of labs performed was retained as two for costing
purposes for Objective 3). Data were available from August 1995 through April
1998.

Preliminary analysis of the 4436 potential subjects identified by the DUR
showed that the majority (3981/4436 or 89.7%) had received one of two
drug/dosing regimens: (1) pravastatin 20 mg (3010/4436 or 67.8%), or (2)
pravastatin 40 mg (971/4436 or 21.9%). Because of the large number of these
two groups of patients and upon the advice of Dr. Karen Rascati, major professor,
a random sample of approximately 1/3 of all patients receiving pravastatin 20mg
or pravastatin 40mg was selected using the random number seed feature’ of the
SPSS software, resulting in 1141 pravastatin 20mg patients and 352 pravastatin
40mg patients. There were 23 atorvastatin patients, 59 fluvastatin patients, 23
lovastatin patients, 269 pravastatin 10mg patients, and 81 simvastatin patients in
addition to the randomly sampled patients, resulting in 1948 potential subjects.

Patient demographic information was collected‘ on all 4436 patients
identified by the DUR. After preliminary screening of the 1948 potential subjects
remaining after random selection from the pravastatin 20 mg and 40 mg groups
for a minimum of two LDL levels on record, 1412 patients remained. After
collecting complete prescription information on these 1412 patients, 492 were
found to meet the selection criteria for statin-naive patients. After collecting lab
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data on these 492 patients, 289 met the minimum requirement of at least one pre-
treatment and post-treatment LDL level on file.

Physician office visits are not specifically coded into this database, but it
is usual practice in MTFs that the patient must see a provider for any new
prescription or lab order. It was assumed that if the patient had an equal number
of prescriptions and lab orders, that these were accomplished during the same
provider visits. Otherwise, additional prescriptions or lab orders were counted as
additional office visits.

Coding schemes were developed for categories of variables, as
appropriate, so that statistical analyses could be performed on a particular
variable or in combination with other variables. This was particularly important
with the drug/dosing regimen variables. For example, each patient had a record
of initial statin received, intermediate statin received, and final statin received.
During the study period, therapy may have remained the same, dosing schedule
may have changed, or the patient may have switched to another statin. The PEC
ran a Statistical Analysis Software (SAS) report for fiscal year 1997 (FY97),
October 1, 1996 through September 30, 1997, for the 4436 initially identified
patients using patient social security number, patient name, generic drug name,
prescription fill date, amount of medication dispensed, days supply, and provider
type, which resulted in information on 25,743 prescriptions. Unfortunately,
“generic drug name” did not include information on the strength or dosage the
patient received, information that was collected manually from CHCS.
Therefore, one coding scheme was developed for the full drug/dosing regimen

(code 8 meant pravastatin 20 mg tablets, taken twice a day) and another for the

75




|

broader drug only category (code 3 meant pravastatin, regardless of whether it

was the 10 mg, 20 mg, or 40 mg strength).

DATA ANALYSIS

Demographic Information:

Significance between various patient demographic categories (age,
gender, and ethnicity) was tested using ¢ tests and Chi-square analyses, as
appropriate, between the 4147 subjects who did not meet the selection criteria
and the 289 subjects who became the final study subjects (did those selected

differ from those not selected).

Objective One:

Objective 1 was to determine whether LDL cholesterol blood levels were
being lowered by statin therapy in the actual-use setting of military beneficiaries
in the greater San Antonio CHCS population as predicted by the October 1995
PEC guidelines® and/or as predicted by clinical trials.”® These comparisons were
descriptive in nature and compared predicted mean percent reduction in LDL,
given as point estimates in the literature, with the observed mean percent
reduction in LDL level, with 95 percent confidence intervals calculated, as well as
with the percent reduction in LDL level between mean pre-treatment LDL and
last recorded LDL, with 95 percent confidence intervals calculated. This was

done separately for primary prevention and secondary prevention patients, as well
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as contrasting percent LDL reduction between primary and secondary patients by
observed mean percent LDL reduction and percent LDL reduction between mean
pre-treatment and final LDL level.

The mean percent LDL reduction was calculated using the mean compute
transformation'® in SPSS and then compared as a composite by specific statin
used and by specific dosing regimen within a specific statin, as the data allowed.
The predicted mean percent LDL reduction point estimates®®® were averaged to
determine a predicted mean percent reduction in LDL value for each specific
statin regardless of strength, using weighting for better estimation (such as for
pravastatin -- proportion of 10mg (0.16) times the predicted percent reduction
(18.9) + the proportion of pravastatin 20mg (0.70) times the predicted value
(23.9) + proportion of pravastatin 40mg (0.14) times the predicted value (33.7) =
24 .47 percent as the predicted mean percent reduction in LDL).

An intention to treat and ultimate therapy approach were used to
determine which drug/dosing regimen the patient was considered to be on.
Intention to treat considers patients to have continued on the initial therapy
regardless of whether they actually do so. For this study, a person who initially
received pravastatin 10 mg once a day, but later switched to atorvastatin 40 mg
twice a day, would be treated as a pravastatin 10 mg once a day patient. With the
ultimate therapy approach, the final regimen the patient was on prior to the last
LDL level on record was used for analyses. With the previous patient, that would
mean treatment as an atorvastatin 40 mg twice a day patient. Objective 1 was

tested using both these approaches. Both of these approaches were used primarily

to classify patients into drug/dosing regimen categories for analysis purposes.
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The literature predicts that primary prevention should demonstrate
noticeable LDL reduction at approximately six months, while secondary
prevention patients may not show similar results until the two-year point."!
Unfortunately, only one of the final study subjects had LDL values this far after
mitiation of therapy. While this was a limitation on the mean percent LDL
reduction for secondary patients, the majority of the patients were classified as
primary prevention patients. Family history of premature CHD and cigarette
smoking status are NCEP recognized risk factors for CHD'*"* but could not be
definitively determined from the fields available in CHCS. Therefore, attainment
of NCEP treatment goals for LDL cholesterol levels could not be determined

except in a very generalized sense and were not a primary objective of this study.

Objective Two:

Objective 2 was to determine whether there were any differences in this
population in percent LDL redL}ction between the specific statin drugs used.
Mostly this consisted of comparing aggregate atorvastatin or fluvastatin or
simvastatin against each of the pravastatin dosing regimens and pravastatin as a
whole.

It was planned that significance between the mean LDL levels and
between baseline and last recorded LDL values would be tested using ANOVA
and post hoc techniques. If less than three groups were sufficiently large (having

a minimum of 20 subjects per cell), then ¢ tests would be used.
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Due to the small cell sizes of non-pravastatin subjects, some statistical

tests could not be validly performed.

Objective Three:

Objective 3 was to compare the cost-effectiveness of the various statin
drug/dosing regimens by calculating mean treatment cost (medication costs,
office visit costs, and laboratory test costs) per percent reduction in LDL
cholesterol. To estimate costs, yearly usage and expenditure reports maintained
by PEC personnel, communications with MTF personnel, and published literature
were utilized. Findings were trended at the six, nine, 12, and 18 month points as
cell sizes allowed. Cost of treatment was from the MTF viewpoint and focused
on direct medical costs of hyperlipidemia treatment. Avoidance of future costs
was not addressed here as NCEP patient categories will not be established
unequivocally in this retrospective database analysis.

Costs were obtained from the Pharmacoeconomic Center (PEC) in San
Antonio, through communication with MTF personnel, and through the literature.
Sensitivity analyses were performed holding drug acquisition cost constant and

varying office visit costs and lab test costs + 20 percent.
In summary, this chapter has described how demographic, prescription, and

laboratory data were collected from the study population. The selection criteria

for final inclusion into the study were discussed as was the elimination process
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from the original pool of 4436 potential subjects. The statistical tests (p<0.05) or

descriptive techniques used the analyze the data were also discussed.
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CHAPTER THREE

RESULTS

This chapter contains the findings from the study. Included are results
from: (1) Objective 1 - to determine whether LDL cholesterol blood levels are
being lowered by statin therapy in the actual-use setting of military beneficiaries
in the San Antonio Composite Health Care System (CHCS) computer system as
predicted by the October 1995 Pharmacoeconomic Center (PEC)' guidelines
and/or as predicted by clinical trials;> (2) Objective 2 - to determine whether
‘there are any differences in this population in percent LDL reduction between the
specific statin drugs used; and (3) Objective 3 - to compare the cost-effectiveness
by calculating treatment cost (medication costs, office visit costs, and laboratory
costs, and other related healthcare costs) per percent reduction in LDL
cholesterol. The findings are presented in both tabular and textual description

format.
ELIMINATION PROCESS

During preliminary research, over 7000 patients were identified as statin
users in the San Antonio area by the Composite Health Care System (CHCS)
computer system, during the time frame of May 1, 1996 through September 1,
1997. By using drug utilization review (DUR) reports for the periods of October
1-31, 1996, April 1-30, 1997, and October 1-31, 1997, 5382 patients were

identified as having received a new statin prescription. After eliminating
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duplicate patients, 4436 potential study subjects remained. Preliminary analysis

showed the break-down of statin received during the month a patient was

identified as follows:

ATORVASTATIN (all strengths) 23 0.5%
FLUVASTATIN (all strengths) 59 1.3%
LOVASTATIN (all strengths) 23 0.5%
PRAVASTATIN (all strengths) 4250 95.8%
SIMVASTATIN (all strengths) 81 1.9%

A further breakdown of those on pravastatin' revealed that 269/4250
(6.3%) were on the 10mg dosage, 3010/4250 (70.8%) were on the 20mg dosage,
and the remaining 971/4250 (22.9%) were on the 40mg dosage. It was decided to
retain all the non-pravastatin patients as well as all the 10mg pravastatin patients
for further research, but to randomly select only one-third of the pravastatin 20mg
and 40mg patients due to their large proportion of the total sample. This left
1948 potential study patients

The study used percent reduction in low-density lipoprotein (LDL)
cholesterol as a surrogate for therapy effectiveness. An initial processing of 599
of the potential study patients revealed that 48.1 percent had pre-treatment lab
values recorded, 3.9 percent had pre-treatment labs but were missing LDL values,
and 47.9 percent had no pre-treatment labs available at all. Similérly, post-

treatment labs were available for 59.2 percent of patients, 3.4 percent had missing
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LDL values, and 37.4 percent had no information available. Additionally, 27.4
percent of patients had no lab values of any type available. All remaining
potential subjects were screened to insure a minimum of two LDL blood levels on
file. After this screening, 1412 patients remained.

To ascertain percent reduction in LDL level following initiation of statin
therapy, a minimum of six months of “statin-free” prescription history prior to
the initial statin prescription was used. Of the initially processed 599 patients,
44.74 percent (268/599) had less than 90 days of “statin-free” history, 17.03
percent (102/599) had between 91 and 179 days of “statin-free™ history, and 38.23
percent (229/599) had 180 or more “statin-free” days on record. Of the 1412
patients having at least two LDL values on file, only 492 could be classified as
statin-naive patients. _

For final study inclusion, a patient had to not only be a previous non-user
of statin drugs, but also meet the minimum selection criteria of having at least one
recorded non-zero LDL value both before and after statin therapy was initiated.
Of the initially processed 599 patients, only 92 (15.4%) mef all this criteria. Of
the 492 potential subjects remaining after screening for statin-naive status and a
minimum of two LDL values, only 289 had at least one pre- and one post-

treatment LDL recorded. These became the final study subjects.
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DEMOGRAPHIC INFORMATION FOR SUBJECTS NOT MEETING
SELECTION CRITERIA VS FINAL STUDY SUBJECTS

From the original sample of 4436 patients, 4147 were filtered out leaving
289 in the final sample. Comparisons of these groups are shown in Table 3.1. A«
test indicated that average age was significantly different between the two groups
at p < 0.0001. Chi-square analysis showed a significant difference in gender
between the two groups at p = 0.019. Chi-square analysis did not indicate a

difference in ethnicity classified as white vs. non-white (p = 0.326).

Table 3.1 - Patient Demographics

VARIABLE = SUBJECTS NOT SUBJECTS MEETING
Do e MEETING - | SELECTION

P _SELECTION . | CRITERIA
il U - | CRITERIA (n = 4147) (n=289) -
AGE Mean of 65.35 Mean of 62.71
p <0.0001 (std. dev. 10.28) (std. dev. 10.78)
GENDER Female 41.3% (1714) | Female 34.0% (98)
p=10.019 Male 58.6% (2429) | Male 66.0% (191)
ETHNICITY White 81.7% (1786) | White 84.6% (159)
(Reported) p = 0.326 Non-White 18.3% (399) | Non-White 15.4% (29)

For the 4436 in the original sample, the branch of service and family
member type were collapsed into broad categories, resulting in the majority of the
original sample being 50.4 percent United States Air Force (USAF) retirees and
their family members, 26.8 percent United States Army (USA) retirees and their
family members, 5.7 percent United States Navy (USN) retirees and their family

members, and 3.3 percent USAF active duty and their family members. In the
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final study subjects, the majority were USAF retirees and family members
(66.4%), followed by USA retirees and family members (19.0%), USAF active
duty and family members (6.6%), USN retirees and family members (5.9%), and
all other categories (2.1%). Other medical insurance, assuming Medicare for
those over 65 years of age, was found in 64.2 percent of the original 4147 subjects
versus 53.3 percent in the final subjects. TRICARE PRIME insurance, the
military health maintenance organization (HMO) was found in 6.4 percent of the
original group and 5.9 percent of the final group. Those reporting no insurance
accounted for 14.3 percent and 20.1 percent of the original and final subjects
respectively and there was a large number of patients who did not have
information recorded for this field (16.0% and 20.8% respectively). Having the
home of record listed as out-of-state (all Texas addresses were regarded as in-
state) was not common (1.6% and 1.4% respectively).

The results using the final study subjects are reported in the following
sections. It should be noted that no lovastatin patients ended up in the final

subject group.

OBJECTIVE ONE

To aid in analysis, patients were categorized by prevention type and by
statin received both initially and at the conclusion of the DUR. Primary
prevention was defined as those without established coronary heart disease
(CHD) while those with established CHD (as shown by nitrate usage or admission

to inpatient coronary care units) were classified as secondary patients. Drug and
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drug/dosing regimen were determined by the particular statin prescribed and the
administration directions.‘

Percent reduction in LDL was calculated using two methods: (1) by
averaging the percent LDL reduction over the entire course of therapy; and (2)
by comparing the last LDL level recorded to the baseline LDL level. When
dosing regimens were collapsed into composite drug categories (all strengths
combined), weighting was used to determine predicted point estimates, as

described in Chapter Two

INITIAL DRUG AND MEAN % LDL REDUCTION

Table 3.2, classified by initial drug/dosing regimen, shows that by using
95 percent confidence intervals about the calculated mean overall percent LDL
reduction, and assuming only those groups with at least 20 subjects are reliable
estimates, pravastatin 20mg patients almost attained predicted percent LDL
reductions as an overall sample (18.57% +3.35 vs. 23.9%), as primary prevention
(17.48% +4.53 vs. 23.9%), and did attain predicted levels as secondary prevention
patients (20.92% +4.01 vs. 23.9%). When pravastatin 10mg was dosed as one
10mg tablet daily, the predicted reduction was achieved as an overall sample
(22.41% +4.33 vs. 18.9%) and as primary prevention (22.05% +5.04 vs. 18.9%).
Pravastatin 40mg did not attain the predicted percent LDL reduction (5.40%
+13.20 vs. 33.7%) as an overall sample, and as primary or secondary prevention

the individual cells were too small to consider.
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Table 3.3 shows that when classified by initial drug alone with all
strengths collapsed, none of the statins with at least 20 subjects per group attained

predicted mean percent reduction in LDL.

89



Table 3.2 Predicted and Observed Mean % LDL Reduction -
Using INITIAL DRUG/DOSING REGIMEN and MEAN OVERALL % LDL
REDUCTION

Atorvastatin o
Fluvastatin - | 16.8%" .| 9.10% (8)| 9.10% ~ (8)| N/A
20mg L P (+1L6D (+11.61) _
Pravastatin | 18.9%* 22.41%%(40) | 22.05%*(31) | 14.31% (9)
10mg - (+4.33) (+5.04) (+7.49)

3 1x10mg v — : L v
Pravastatin | 18.9%* | 9.60% = |N/A 9.60% (N
10mg- | (HN/A - | N/A -
1/2x20mg EREITRE el R :
Pravastatin | 23.9%" 18.57% (193) | 17.48% (132) | 20.92%* (61)
20mg (+3.35) (+4.53) (+4.01)
Pravastatin | 33.7%" | -9.68% (8)|-13.02% (6)| 0.35%  (2)
Omg- | (#1564 | (x1243) | (+63.38)
Pravastatin | 33.7%" 5.40% (35)| 6.82% (19)| 3.71%  (16)
40mg - (+13.20) (+21.82) (+13.57)
1x40mg ' o
Simvastatin | 28.2%" | -70.86% (1) | N/A_ |-70.86% (1)
omg | . |NA | N/A |
Simvastatin | 353%" | 3545% (3)|42.87% (2)|20.61% . (1)
zomg G T R @991) T (;2356) N/A o v

a Hilleman (1997)*

*Meets predicted percent reduction.
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Table 3.3 Predicted and Observed Mean % LDL Reduction -
Using INITIAL DRUG and MEAN OVERALL % LDL REDUCTION

‘Atorvastatin |

TNA

WA

N/A

Flavastatin |

1680% 5 )
o6ty

9.10% (8)

(+11.61)

9.10% (8)]

Pravastatin

24.68%

16.31%(277)
(+3.05)

16.19%(188)
(+4.05)

1657%  (89)
(+4.11)

1S‘im‘vaststin -

3.53%

887%  (4)

‘ @_:5’3.'96) o

287% (2)

(+23.56)

2512% - (2)
(:89.65)

91




INITIAL DRUG AND % LDL REDUCTION BETWEEN BASELINE
AND LAST RECORDED LDL

When percent LDL reduction was calculated using the difference between
the mean pre-treatment LDL level and the last recorded LDL value, slightly
different values were obtained. Table 3.4 shows that when classified by initial
drug/dosing regimen and using 95 percent confidence intervals, pravastatin 20mg
attained the predicted mean percent reduction in LDL of 23.9% in all three
categories (20.56% +3.69 as an overall sample, 20.62% +4.72 as primary
prevention, and 20.45% + 5.73 as secondary prevention). Pravastatin 10mg, with
95 percent confidence intervals, also attained the predicted mean percent LDL
reduction of 18.9% when dosed as one 10mg tablet daily (22.43% +5.25 as
overall sample and 24.06% +6.44 as primary prevention). Pravastatin 40mg
failed to attain the predicted level of 33.7% when dosed as one 40mg tablet daily
(4.47% +14.41). No other cells were large enough for meaningful comparisons.

Table 3.5, classified strictly by initial drug prescribed (ignoring the
dosing/strength), shows that when using the difference between mean baseline
LDL and the final LDL level recorded, pravastatin approached the predicted value
of 24.68%, although still falling a bit short in all three categories (18.02% +3.37
as an overall sample, 18.71% +4.33 as primary prevention, and 16.56% +5.13 as

secondary prevention).
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Table 3.4 Predicted and Observed Mean % LDL Reduction -
Using INITIAL DRUG/DOSING REGIMEN and % LDL REDUCTION
BETWEEN BASELINE and LAST RECORDED LDL

|

93

(| SECONDARY -
Atorvastatin | N/A~ © [N/A  |N/A ‘ N/A
Fluvastatin | 16.8%" | 8.90%  (8)| 8.90% (8)|N/A
20mg | @24y 1 (+11.24)
Pravastatin | 18.9%* | 22.43%* (40) | 24.06%* (31)|16.83%  (9)
10mg - (+5.25) (+6.44) (+6.52)
1x10mg v
Pravastatin | 18.9%" | 9.60% (1)| NA - 9.60% (1)
omg- | |NA SRR N/A
12x20mg | o b ,
Pravastatin | 23.9%* | 20.56%*(193) | 20.62%*(132) | 20.45%* (61)
20mg (+3.69) (+4.72) (+5.73)
Pravastatin | 33.7%" | -501%  (8)|-7.96% . (6)| 3.83% 2)
Omg- | o [E1997) | (#19.74) (+70.19)
2x20mg RN | Py T : ' -
Pravastatin | 33.7%" 4.47% (35)| 5.18%  (19)[3.63% . (16)
40mg - (+14.41) (+23.50) | (+15.56) '
1x40mg B BEIRI . .
Simvastatin | 28.2%* | -70.86% (1) | N/A -70.86% (1)
Omg | INAS | | N/A '
Simvastatin | 35.3%" | 35.67% (3)|46.27% .. (2)| 1447% = (1)
20mg | {@2737)  [(+3086)  [N/A
a Hilleman (1997)" *Meets predicted percent LDL reduction.




Table 3.5 Predicted and Observed Mean % LDL Reduction -
Using INITIAL DRUG and % LDL REDUCTION BETWEEN BASELINE

and LAST RECORDED LDL

“TSECONDARY

Atorvastatin

N/A

N/A

8.90%  (8)

‘Fluvastatin | 16.80% | 8.90% (8)
AT SR (+11.24) | (x11.24) . .
Pravastatin | 24.68% | 18.02%(277) | 18.71%(188) | 16.56%  (89)
(+3.37) (+4.33) (£5.13)
Simvastatin | 32.96% | 9.04%  (4)|4627% (2)|-28.19% (2
[ (455.67) (+£30.86) (+83.63)
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FINAL DRUG AND MEAN % LDL REDUCTION

Table 3.6, using final drug/dosing regimen and mean overall percent LDL
reduction for classification, shows that pravastatin 20mg patients attained the
predicted percent LDL reduction of value of 23.9% only in the secondary
prevention group (20.62% +4.55). Pravastatin 10mg patients attained the
predicted value of 18.9% as an overall sample (20.48% +5.58) and as primary
prevention (21.94% +6.25). The only other sufficiently large cells (pravastatin
40mg as an overall sample and as primary prevention) did not attain predicted
values (11.61% + 9.63 vs. 33.7% and 12.27% +15.00, respectively).

Table 3.7, using final drug alone classification, showed that none of the

statins attained predicted percent LDL reduction values.
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Table 3.6 Predicted and Observed Mean % LDL Reduction -

FINAL DRUG/DOSING and MEAN OVERALL

% LDL REDUCTION

~ SECONDARY
Atorvastatin 10 -38.2%" . 124 (1) 24.68% (|
Atorvastann ]‘46-3%?:*» ; -_1'0.35’%' (2)129.23% (1)} -4994% (D)
20mg b 7759y 0 INJA D INIA
_Ammsmun-ﬁ;f‘f ,_51.2%,'; - 13434% - (QINA T 13434% (D)
Omg - Sl V(H328) b ' (+3.25) '
Fluvastatin | 16.8%°  [7.92%  (4)[7.92% ()| NA
W0mg | TI3A3) 0 1 (+13.13) :
Fluvastatin - | 23.0%* = [ 17.34%  (2) [ 17.34% (2) | N/A
40mg e UENFASS o ENIA '
Pravastatin 18.9%* 20.48%* (25) | 21.94%* (21) | 9.90% )
10mg (+5.58) (+6.25) (+9.90) ’
Pravastatin ~ | 18.9%"  19.60% ()| NA  9.60% - (1)
20mgx12 | o ANAC L NA
Pravastatin 23.9%"* 18.78% (158) | 18.00% (111) | 20.62%*  (47)
20mg (+3.86) (+5.16) (+4.55)
Pravastatin -~ | 33.7% - | -8.19%  (5)|-833% (3)|-7199% - (2)
40mg - 2x0mg | L1827 1(+1936) | (147.04)
Pravastatin 33.7%"* 11.61% (45) | 12.27% (26) | 10.70% ~ (19)
40mg - 1x40mg (+9.63) (+15.00) (+10.45)
Pravastatin . | 357% . |3542% . (2)|20.34%  (1)|50.51% (1)
60mg-3x20mg | -(+2957) I N/A .| N/A ;
Pravastatin | 37.7%" . | 6.08% (2)| 6.08%  (2)|NA
80mg-2x40mg | o 1(+5743) | (+5743) - ,
Simvastatin | 22.0%° | 24.84% < (5){ 32.74%  (3) | 12.99% )
| Smg ol E #1267 [ (£1034) (+19.63)
Slmvastatm 282%° | -2.56%  (4)}2021% - (3)|-70.86% . (1)
10mg (+4891) ©  1(+x2832) | NA D
‘Simvastatin - 0 1026% - (12) 1 0.78% - (11) [ -5.56% (D)
20mg. e S 1937 F(E2119)  N/AC
Simvastafin 38.2% G 30.31% . ,(1)- N/A. 30.31% ()
Simvastgﬁn;r,.;i‘;_ i mes% (D INA ‘1063% H
40mg -2x20mg SANA o '  N/A L
Simvastatin = »41.'0%*' S 117.96% (15| 17.41% (7)1 18.44% . (8)
4025-1x40m§ (;734) _(+11.40) ' (+1075)
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Table 3.7 Predicted and Observed Mean % LDL Reduction -
Using FINAL DRUG and MEAN OVERALL % LDL REDUCTION

95

it

Atorvastatin | 46.64%

14.53%
13180

()

(+447)

26.95% (2)} 6.

Fluvastatin

17.58%

010%  (8)

(x116h)

9.10%  (8)
(+11.61)

(+55.10

Pravastatin

25.63%

17.03% (238)
(+3.29)

16.99%(164)
(+4.36)

17.13% (74)
(+4.36)

Simvastatin

35.28%

1125% (38)

+8.82)

12.05% (24)

(+11.43)

9.86%

(14)
(£1428)
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FINAL DRUG AND % LDL REDUCTION BETWEEN BASELINE
AND LAST RECORDED LDL

Table 3.8, using final drug/dosing regimen as classification, shows that,
when the difference between mean pre-treatment LDL level and last recorded
LDL level are used to represent mean percent reduction in LDL, pravastatin 10mg
and 20mg regimens attain predicted values as overall samples (21.44% +5.77 vs.
18.9% and 20.09% +4.21 vs. 23.9%, respectively) and as primary prevention
(23.08% +6.44 vs. 18.9% and 20.35% +5.33 vs. 23.9%, respectively). Pravastatin
20mg patients also attained the predicted value of 23.9% as secondary prevention
(19.47% +6.59). Pravastatin 40mg did not attain the predicted values of 33.7%
despite sufficient cell size.

Table 3.9, using final drug prescribed as classification and difference
between baseline LDL value and last recorded LDL value, shows that pravastatin
patients as a group approached the predicted value of 25.62% as an overall
sample and as primary prevention, but did not attain it (18.06% +3.66 as overall
sample and 19.26% +4.65 as primary prevention). Despite sufficient cell size,
pravastatin secondary prevention patients (15.41% +5.70 vs. 25.63%), simvastatin
as an overall sample (15.71% +9.35 vs. 38.28%) and simvastatin primary
prevention patients (14.82% +11.95 vs. 38.28%) did not attain the predicted

values.
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Table 3.8 Predicted and Observed Mean % LDL Reduction -

FINAL DRUG/DOS]NG and % LDL REDUCTION BASELINE/LAST LDL

Atorvastatin 10 | 38.2%" 1 62.60% (1) "62 60% (D) -
..QAtorvamaun --.;l;_463% 1 -316% - (2)|33.69%  (1)]-40.00% . (1)
20mg ) ColEm2y . [ NIA N/A LT
:'Atnrvastatm --g'_sm% 1 37.82%. (2)-~,N/Ag : 31.82% - (2)
40mg » ol(@3sey . (+3.56)
Fluvastatin = - 168% ol 12% o ()1 112% 0 (D NA
20mg S (#1233 | (+1233)

Fluvastatin = _230% o 12139% (1) | 21.39% - (1) | N/A

40mg |- O UNAA . I NAA . »
Pravastatin 18.9% 21.39%* (25) | 23.08%* (21) | 12.81% )
10mg (+5.77) (+6.44) (+9.90)
Pravastatin | 18.9%" [ 9.60% (1) | N/A 9.60% (1)
20mgx12 | INAC NA
Pravastatin 23.9%* 20.09%*(132) | 20.35%*(111) | 19.47%* (47)
20mg (+4.21) (+5.33) (+6.59)
Pravastatin | 33.7%  [-1.73% - (5)|-897%  (3)|-586%  (2)
‘40mg - 2x20mg" DT (#1640 | (33.91) (+51.20) -
Pravastatin 33.7%* 11.45% (45) | 15.41% (26) | 6.04% (19)
40mg - 1x40mg (+11.34) (+17.40) (+12.59) -
Pravastatin. =~ ;35 7% i 38.00% - (2) | 1443% (1) [ 61.57% (D)
60mg - 3x20mg | (+4620) | NJA I N/A :
Pravastatin 377%. - 113.52% . (2)|13.52%  (2) | N/A

80mg - 2x40mg | b (44800 | (+4800) o L
Simvastatin - zz.o% 2483%  (5)[3035%  (3){1632% (2
[ Smg ' (+1259) | (+18.80) (+7.79)
‘Simvastatin 1-493% ()] 17.05% (3)|-7086%  (3)
Wmg | (+54.80) | (4791 IN/A ’
Snnvaslatm “g-:_s‘sv.s%'tfj; 1 4.15% . (12) | 3.67%  (11) | 9.40% (1
20mg o p o L(+1853)  {(2027) - {N/A -
.Slmva:statm 1382% . | 48.12% MINA - [812% ()
30mg - ‘3'xmﬁig*; o ENIA T NA
‘Simvastatin ;»2;41” 0%’:1 i .-22.41% i.,}?:(l_) NA 22.41% (D)
40mg - 2x20mg NA b ENIA
Simvastatin 41 0% S 124, 83% (15) 24.67% (7)124.96%  (8)
40mi : A (146) | (1291 ' (:11.98)
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Table 3.9 Predicted and.Observed Mean % LDL Reduction -
Using FINAL DRUG and_% LDL REDUCTION BETWEEN BASELINE

and LAST RECORDED LDL

N LDI {95% C1) (95% C1) - CH

Atorvastatin | 46.64% | 26.38% (5) | 48.14% (2)|11.88%  (3)
Sl H(+34.06) 0 | (+28.33) 1 (+50.88)
Fluvastatin | 17.58% | 8.90% - (8) | 8.90% (8) | N/A
b T+ 1124) L [ (+11.224) =
Pravastatin | 25.63% | 18.06%(238) | 19.26%(164) | 15.41%  (74)

(+3.66) (+4.65) (+5.70)
Simvastatin | 38.28% | 15.71% (38) | 14.82% (24) | 17.24%  (14)

(+9.35) (+11.95) (+15.52) '

E
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OBJECTIVE TWO

Comparisons between the different statins were performed using the
classifications of primary prevention, secondary prevention, and overall sample,
as well as by drug and whether the drug was the initial or final one prescribed.

Statistical comparisons were limited by numerous small cell sizes.
INITIAL DRUG AS CLASSIFICATION

Table 3.10, using initial drug as classification, shows that whether mean
percent reduction in LDL or the percent reduction between baseline and last
recorded LDL are used, as an overall sample none of the three statins attained
predicted values. Pravastatin approached the predicted value of 24.68%, but did
not attain it with the use of 95 percent confidence intervals. Tables 3.11 and 3.12
show similar results for primary prevention and secondary prevention patients.

ANOVA techniques were not used because of small and unbalanced cell sizes.
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Table 3.10 Observed Changes in LDL Cholesterol Levels - SAMPLE
OVERALL - Using INITIAL Drug Prescribed

_ liastipL |
NA | NA | NA

ATORVASTATIN | -~ NA |~

FLUVASTATIN
Mean . - 117944 . [1680% |9.10% 8.90%
O5%Ch . #1319 L |46l | #1124
Median =~ 1175 b0 1 16.05% 15.56%
Range =~~~ 165 . |- |50 |48
PRAVASTATIN
(n=277)

Mean 148.17 24.68% 16.31% | 18.02%
(95% CI) +4.57 +3.05 +3.37
Median 148 21.74% 23.25
Range 205 231 286
SIMVASTATIN | ) o o
(n=4) i e

Mean ‘140,13 - | 33.53% 1 8.87%- 9.04%
(@5%Ch  |[+4390 | |453.96 | +55.67
Median 1153 o | 25.73% | 22.50%
Range-‘*-'f'. 104 S 1126 133
Statistical tests not done because of small and unbalanced cell sizes.
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Table 3.11 Observed Changes in LDL Cholesterol Levels - PRIMARY

PREVENTION - Using INITIAL Drug Prescribed

| ATORVASTA

“N/A

Mean

Median
‘Range

FLUVASTATIN |
@=8 .
ST 117944
 H13.49
1'es -

©O5%Cn

16.80%

19.10%
| +11.61

16.05%
50

8.90%
+11.24
15.56%
48

(n = 188)
Mean
(95% CI)
Median
Range

PRAVASTATIN

153.46
+5.61
156

24.68%

16.19%
+4.05
22.16%
227

18.71%
+4.33
25.17%

286

SIMVASTATIN |
(m=2) - e p e

m . l16650
| £24.50 |

©5%Ccy
1166

Median o - L
Range

205

95

33.53%

42.87%
- | +2356
| 42.87%

24

46.27%
+30.86
46.27%

| 31
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Table 3.12 Observed Changes in LDL Cholesterol Levels - SECONDARY
PREVENTION - Using INITIAL Drug Prescribed

Statistical tests not done because of small and unbalanced cell sizes.

,,,,, IMEAN% | %LDL
‘CHANGE | CHANGE

ATORVASTATIN |  NA~ | NA | NA N/A
FLUVASTATIN | -
(@=0
Mean . [NA 16.80% N/A N/A
oy v !/
Median
Range ,
PRAVASTATIN
(n=89)
Mean 136.98 24.68% 16.57% | 16.56%
(95% CI) +7.47 +4.11 +5.13
Median 132 18.25% | 21.89%
Range 169 118 144
SIMVASTATIN . SR v '
=2y -~ - | |

' Mean ,':‘113.75‘.-‘? 133.53% 25.12% | -28.19%

. 95%CrH i+7497,j N +89.65 | +83.63
Median |14 [-2512% | -28.19%

E Range R 2 91 |85
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FINAL DRUG AS CLASSIFICATION

Table 3.13, using final drug prescribed as classification, shows that
pravastatin as an overall sample approached the predicted value of 25.63% using
the difference between baseline and last recorded LDL value (18.06% +3.66)
while the mean overall percent reduction was not as close (17.03% +3.29).
Simvastatin did not come close to the predicted value of 35.29% by either
calculation method (11.25% +8.82 for mean percent change and 15.71% +9.35
for the baseline to last LDL change). Due to small and unbalanced cell sizes,
statistical tests could only be used to compare pravastatin and simvastatin patients
as composites. Using ¢ test techniques and assuming unequal variances, no
significant differences were detected for mean percent change (p = 0.235) or for

the baseline to last LDL change (p = 0.649).
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Table 3.13 Observed Changes in LDL Cholesterol Levels - SAMPLE

OVERALL - Using FINAL Drug Prescribed

g BASELINE !

A Z'LAST LDL

A’I‘ORVASTAT R

Mean : 114740 . | 46.64% 14.53% | 26.38%
5% ChH +3653 b 431,80 +34.06
Median - o138 12923% | 36.00%
Range 198 = 186 103
FLUVASTATIN | .

(n=8 B I R IR ;-
Mean 17944 | 17.58%  |9.10% | 8.90%
(95% CI) +13.19 | [ +11.61 +11.24
Median - 175 16.05% | 15.56%
Range 165 50 |48
PRAVASTATIN

(n =238)

Mean 147.58 25.63% 17.03% 18.06%
(95% CI) +4.92 +3.29 +3.66
Median 148 21.93% | 23.41%
Range 205 231 286
SIMVASTATIN

(n=38)

Mean 151.12 35.28% 11.25% | 15.71%
(95% CI) +12.70 +8.82 +9.35
Median 151 15.78% | 22.12%
Range 162 134 133

T tests done for pravastatin and simvastatin only due to small and unbalance cell

sizes.
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Table 3.14, using final drug prescribed as classification, shows that as
primary prevention, pravastatin approaches the predicted value of 25.63% using
baseline to last LDL calculations (19.26% + 4.66) but not as closely using mean
overall percent reduction in LDL (16.99% +4.36). Again. a ¢ test indicated that
there were no statistically significant differences between the pravastatin and
simvastatin groups (for mean percent change p = 0.436 and for baseline to last
LDL change p = 0.503).

Table 3.15, using final drug prescribed as classification, shows that none
of the drugs attained predicted values in secondary prevention patients, although
pravastatin approached the predicted value of 25.63 percent using both
calculation approaches (17.13% + 4.36 for mean percent change and 15.41%
+5.70 for baseline to last LDL change. Cell sizes were too small to use statistical

analysis.
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Table 3.14 Observed Changes in LDL Chelesterol Levels - PRIMARY
PREVENTION - Using FINAL Drug Prescribed

ATORVASTATIN |

(n=2)

‘Mean

(95% CI) ?i i
Median |1
Range B

Y e

26.95%
+4.47

26.95%

48.14%
+2833
48.14%

Range

FLUVASTATmf, i f_

It
65

17.58%

5

19.10%
O § )
116.05%

50 '

29

8.90%

+11.24
15.56%

PRAVASTATIN
(n=164)

Mean
(95% CI)
Median

Range

152.81
+5.88
156
205

25.63%

16.99%
+4.36
22.04%
226

19.26%
+4.66
25.66%
286

SIMVASTATIN
(n=24)

Mean

(95% CI)
Median

Range

155.98
+17.37
157
152

35.28%

12.05%
+11.43
19.13%
135

14.82%
+11.95
19.71%
120

T tests done for pravastatin and simvastatin only due to small and unbalance cell

sizes.

108




Table 3.15 Observed Changes in LDL Cholesterol Levels - SECONDARY

PREVENTION - Using FINAL Drug Prescribed

@=3)
‘Mean
(95% CI)
Medlan
Range

s

1625%
| +55.10
3269%3 '

| 11.88%
45088
36.00%

=0
Mean
(95% CI)

FLUVASTATIN:

‘Range

A

I N/A

PRAVASTAT]N
(n=174)

Mean

(95% CI)
Median

Range

135.98
+8.47
130

25.63%

17.31%
+4.36
19.25%

15.41%
+5.70
20.57%
144

SMVASTATIN e
(n=14) o
Mean
1 (95% C
Medlan ;

Range

169

109

[ 1467%
s

C1724%
B “"’._;,.1-.5‘5’2‘:;.‘.:::::::::
|22.2%

132

109

Statistical tests not done because of small and unbalanced cell sizes.



OBJECTIVE THREE

Total direct medical costs were estimated for drug acquisition cost,
healthcare provider office visit cost, and lab value costs. Drug acquisition cost
was calculated by summing up the total cost (actual number of tablets of each
statin received times the cost per tablet, excluding the final statin fill) of all
statins dispensed to each patient during the study period, divided by the number
of days between the first and last statin prescription, and then multiplied by 365 to
estimate annual costs. Office visits were calculated by multiplying the number of
prescriptions or the number of post-treatment lipid panels, which ever was
greater, by $31.25 (it was assumed that if the patient received an equal number of
prescriptions and labs, the same office visit generated both, so only $31.25 times
the number of prescriptions was used). Pre-treatment labs were excluded as they
represented diagnostic costs and not treatment costs. This value was then divided
by the number of days between first and last statin prescription fill and multiplied
by 365 to estimate annual costs. Lab costs were calculated similarly with $56.00
assigned to each lipid panel (total cholesterol, high-density lipoprotein
cholesterol, and triglycerides directly measured and LDL calculated) which is
how the LDL lab values are obtained. Labs required to detect side effects or
adverse events were priced at $1.65 each (the military cost to add the two liver
function tests ALT (alanine aminotransferase) or GGT (gamma glutamyl
transferase) to routine blood work). Extra office visit costs were not generated by
side effect labs as they were add-on labs for routine lab work, not a special

request as the lipid panels were.
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INITIAL DRUG/DOSE AS CLASSIFICATION

Table 3.16, using initial drug/dosing regimens as classification, shows the
overall sample calculations for total estimated direct medical costs using mean
drug acquisition costs, mean office visit costs, and mean lab test costs. Mean
drug acquisition costs ranged from a low of $335.60 for pravastatin 20mg to a
high of $557.51 for pravastatin 40mg, when a minimum cell size of 20 was used.
Otherwise, these costs ranged from a low of $263.10 for one pravastatin 1/2 x
20mg patient to a high of $525.79 for eight pravastatin 2 x 20mg patients. Mean
office visit costs ranged from $139.89 for pravastatin 20mg patients to $220.05
for pravastatin 10mg patients (minimum cell size of 20). Otherwise, the
minimum mean annual ofﬁce visit cost was $96.59 for eight patient receiving
pravastatin 20mg, two tablets daily, and the maximum mean annual office visit
cost was for the eight fluvastatin 20mg patients at $178.91. Mean lab test costs
ranged from $184.39 for pravastatin 20mg patients to $255.68 for pravastatin
10mg patients (cell size minimum of 20). Otherwise, these costs ranged from
$56.78 for one patient receiving pravastatin 20mg, one-half tablet daily, to the
aforementioned eight fluvastatin 20mg patients at $222.66.  Total estimated
direct medical costs ranged from $659.88 for the pravastatin 20mg group to
$964.02 for the pravastatin 10mg group (minimum cell size of 20). Otherwise,
these costs ranged from $446.62 for the one pravastatin, one-half by 20mg tablet<

patient to $795.09 for the one simvastatin 10mg patient.
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Table 3.16 Annual Cost Estimates of Treatment - SAMPLE OVERALL
- Using INITIAL DRUG/DOSING REGIMEN and Mean Costs

| TOTAL DIR.

=0 2x 20mg

I MED. .
COSTS (S)
Atorvastatm 10mg | o NIA- o O NIA N/A N/A
(n=0) - ' - :
Atorvastatin 20mg b NIA N/A N/A N/A
m=0) S :
‘Atorvastatin 40mg | . N/A N/A - N/A N/A
‘Fluvastatin 20mg 290.14 .. 178.91 . 222.66 691.71
(n=28) o _ R S ’
Fluvastatin 40mg 1 O NA- 1 NA N/A N/A
n=0) R o s
Pravastatin 10mg 366.02 220.05 255.68 841.75
(n=40) 1 x10mg
Pravastatin 10mg | = 263.10 126.74 56.78 446.62
n=1)112x20mg o ' , . '
Pravastatin 20mg 335.60 139.89 184.39 659.88
(n=193)
Pravastatin 40mg - 525,79 96.59 132.29 754.67
m=8) 2x20mg IR R
Pravastatin 40mg 557.51 178.48 228.03 964.02
{n=35) 1 x40mg
Pravastatin 60mg N/A N/A N/A N/A
m=0) 3x20mg | L ’ :
Pravastatin 80mg N/A N/A - N/A N/A
(n=0)2x 40mg ' '
SimvasatinSmg | NA | NA | NA NA
=0 I St :
Simvastatin 10mg 430,70 | - . 228121 136.27 795.09
@=1) SR IR | |
Snmvastatm 20mg L -499.34 | 103.50 | - 189.49 792.33
(n=3) " SR B EROE & oo : K
Simvastatin 30mg | NA N/A N/A N/A
@=0)3x10mg | o L
Simvastatind0mg | . NA |  NA N/A- . N/A
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Table 3.17, using initial drug/dosing regimen as classification, shows
estimated annual total direct medical costs for the primary prevention patients.
Only six different drug/dosing regimens were initially prescribed for the study
patients. Only pravastatin 10mg and 20mg had a cell size over 20. Pravastatin
10mg had mean estimated annual drug costs of $386.24, mean estimated annual
office visit costs of $245.88, and mean estimated annual lab test costs of $276.96,
for total estimated annual direct medical costs of $909.05. Pravastatin 20mg had
drug costs of $324.45, office visit costs of $145.04, and lab test costs of $190.47,
for total estimated annual direct medical costs of $659.96. From the remaining
smaller cells, the minimum total estimated medical costs were $663.26 for the six
pravastatin two by 20mg daily patients and a maximum total estimated annual
medical costs of $1010.07 for the group with 19 pravastatin 40mg, once daily

patients.
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Table 3.17 Annual Cost Estimates of Treatment - PRIMARY
PREVENTION Using INITIAL DRUG/DOSING and Mean Costs

e LABTEST

N/A

(n=0) 2x20mg

IAtorvasmtm 10mg | NA
=0 . ; ,
.Atorvastatin 20mg N/A N/A N/A N/A
(ﬂ=0) I o ) :
Atorvastatin 40mg - N/A: ~N/A N/A N/A
(n=0) o s
Fluvastatin 20mg 290.14 . 178.91 222.66 691.71
(n=8) R
'Fluvastatin 40mg. CON/A N/A N/A N/A
o0y mg. R
Pravastatin 10mg 386.24 245.88 276.93 909.05
(n=31) 1x10mg
Pravastatin 10mg ~N/A N/A N/A N/A
(n=0) 1/2x20mg S | , .
Pravastatin 20mg 324.45 145.04 190.47 659.96
(n=132)
Pravastatin 40mg - 457.87 |  87.87 117.52 663.26
(n=6) 2x20mg RN :
Pravastatind0mg | 575.88 172.16 262.03 1010.07
(n=19) 1x40mg | | B '
Pravastatin6dmg |  NA - | NA N/A N/A
(m=0) 3x20mg R ' '
Pravastatin 80mg N/A N/A N/A N/A
(n=0) 2x40mg | 3 ' '
Sunvaststhmg o NIA - N/A | NA “NA
(ll 0) s LR SR RN R ¥ :
Simvastatin 10mg N/A-  N/IA - N/A - - NIA
=0 - o : i S _
Simvastatin zomg 40399220 10456} 18737} 691.15
m=2) SR E R e ST - o
,Sunvastatm 30m’g L NIA- N/A - NA N/A
m=0) 3xi0mg | ' ,
Simvastatin 40mg- | N/A N/A ‘N/A N/A
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Table 3.18, using initial drug/dosing regimen as classification, shows the
annual cost estimates for treatment of secondary prevention patients. Only the
pravastatin 20mg patient group had a sufficient cell size (61) for reliable
estimations. For this group, the total estimated annual direct medical costs of
$659.72 were calculated from mean estimated annual drug costs of $359.73,
mean estimated annual office visit costs of $128.75, and mean estimated annual
lab test costs of $171.24. The minimum and maximum estimated total annual
direct medical costs for the remaining smaller groups were $609.97 for the nine
pravastatin 10mg, one tablet daily, patients and $1028.94 for the two pravastatin

two by 20mg tablets daily, patients.
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Table 3.18 Annual Cost Estimates of Treatment - SECONDARY
PREVENTION Using INITIAL DRUG/DOSING and Mean Costs

ICE | LABTEST | TOTAL

COSTS | DIR. Mm“i}j

STS(8) 1) COSTS($)
-Atorvastaﬁn 10mg- N/A N/A N/A N/A
Atorvastatm 20mg N/A N/A N/A N/A
(n=0) ik
Aforvastatin 40mg N/A N/A N/A N/A
(n=0) e
Fluvastatin 20mg  N/A- N/A N/A N/A
(n=0) '
Fluvastatm 40mg NA N/A N/A N/A
Pravastaﬁnlﬂmg 296381 . 131.09 182.50 609.97
=9 Ix10mg | - - ' '
Pravastatin 10mg - 263.10 126.74 | 56.78 446.62
(n=1) 1/2x20mg e
Pravastatin 20mg 359.73 128.75 171.24 659.72
(n=61)
Pravastatin 40mg | . 729.54 122.78 176.62 1028.94
m=2)  2x20mg o ' ,
Pravastatin 40mg | 53569 | 185.97 187.65 909.31
(n=16) 1x40mg | ~ -~
Pravastatin60mg | N/A N/A N/A N/A
(n=0) 3x20mg | - R
Pravastatin 80mg | - N/A~ N/A N/A N/A
(n=0) 2x40mg ' B
Sxmvastatm Smg - NA N/A N/A N/A
m=0) L R S S
Snmvastatm 10mg ’ . 430.70 | 228.12 136.27 795.09
a=1) SO T T . ,
Snmvastatm 20mg b 699,581 101.39 193.73 | 994.70
(=1 R EEE R o
riSunvastmnsomg 1 NA b ONA L NA - N/A
@=0 3xl0mg | o
Simvastatin 40mg | N/A N/A N/A N/A
(@=0) 2x20mg | | !
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INITIAL DRUG ALONE AS CLASSIFICATION

Table 3.19 through Table 3.21, using initial drug alone as classification,
show annual cost estimates of treatment for sample overall, primary prevention,
and secondary prevention patients. Only the pravastatin groups had sufficiently
large cell sizes, of 277, 188, and 89, respectively, for further consideration. The
overall sample of pravastatin had total estimated annual direct medical costs of
$726.54. The primary prevention patients’ estimate of annual total direct medical
costs was $736.52. The secondary prevention patients’ estimate was $705.47.
From the combination of all three tables, the lowest estimate of annual total direct
medical cost for the smaller sized cells was for the two primary prevention
simvastatin patients at $691.15 and the highest total estimate was $894.90 for the

two secondary prevention simvastatin patients.
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Table 3.19 Annual Cost Estimates of Treatment - SAMPLE OVERALL

Using INITIAL DRUG and Mean Costs

 TOTAL
 DIR. MED.

| COSTS (8)

@=0)

Atorvastatin

T NA

N/A

Fluvastatin

(n=8)

290.14

691.71

Pravastatin
(n=277)

"373.26

198.24

726.54

Simvastatin

(n=49

482.18

176.18 |

793.02
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Table 3.20 Annual Cost Estimates of Treatment - PRIMARY
PREVENTION Using INITIAL DRUG and Mean Costs

S | DIR.MED.
~ |costs

Aforvastatin
=0

N/A

N/A

Fluvastatin

178.91

691.71

Pravastatin
(n = 188)

162.58

736.52

Simvastatin
(n=2)

104.56

691.15

Table 3.21 Annual Cost Estimates of Treatment - SECONDARY
PREVENTION Using INITIAL DRUG and Mean Costs

GNAME | DRUG

| COSTS (8).

| OFFICE | Al
IT | COSIS | MED. COSTS

VISIT

'LAB TEST | TOTAL DIR.

Atorvastatin

(n=0)

N/A

N/A

N/A

Fluvastatin

“N/A

N/A

N/A

Pravastatin
(n = 89)

139.12

174.17

705.47

Simvastatin

@=2) |

- 164.76

-165.00

894.90
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FINAL DRUG/DOSE AS CLASSIFICATION

Annual estimated total direct medical costs were also calculated using the
final drug/dosing regimen prescribed for the final study patients. Table 3.22
shows annual total direct medical cost estimates for the 18 different drug/dosing
regimens found in the overall sample, classified by final therapy. Only three
regimens met the requirements for a minimum cell size of 20. Pravastatin 20mg,
once daily, had a cell size of 158, pravastatin 40mg, once daily, had a cell size of
45, and pravastatin 10mg, one 10mg tablet daily, had a cell size of 25. Estimated
total annual direct medical costs were lowest for the pravastatin 20mg patients at
$634.67 and highest for the pravastatin 40mg patients at $899.76. The mean
annual estimated drug acquisition costs for these three groups ranged from a low
of $301.95 for the pravastatin 20mg patients to a high of $509.52 for the
pravastatin 40mg patients. The pravastatin 10mg patients had drug costs of
$337.84. The mean annual estimated office visit costs for these three groups
ranged from a low of $146.24 for the pravastatin 20mg patients to a high of
$200.05 for the pravastatin 10mg patients. The mean annual estimated lab costs
for the three groups meeting the minimum requirement of 20 subjects per cell
ranged from a low of $186.48 for the pravastatin 20mg patients to a high of
$228.20 for the pravastatin 10mg patients.

For the groups not meeting the minimum cell size requirement of 20, the
lowest total estimated annual direct medical costs were for the one atorvastatin
10mg patient at $534.72 and the highest were for the one simvastatin two by

20mg patient at $1300.26. The lowest mean estimated annual drug acquisition
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costs were for the one atorvastatin 10mg patient at $234.33 and the highest drug
costs were for the one simvastatin two by 20mg patient at $971.51. The lowest
and highest mean estimated annual office visit costs were $107.18 for the
pravastatin 20mg twice daily patients and $242.38 for the ten simvastatin 10mg
patients. The highest and lowest mean estimated annual lab test costs were
$130.40 for the two atorvastatin 40mg patients and $420.88 for the one

fluvastatin 40mg patient.




Table 3.22 Annual Cost Estimates of Treatment - SAMPLE OVERALL
Using FINAL DRUG/DOSING REGIMEN and Mean Costs

'LAB TEST | TOTAL -
COSTS - +|'DIR. MEB

. ‘ COSTS ) | C 4(§) | COSTS@)
,Atorvastatm lOmg b 23433 152.08 148.31 534.72
m=1)" R : .
-Atorvastatm 20mg : S 2'474.19 123.81 201.82 799.82
Atorvastatm 40mg 2 796.16 122.78 130.40 1043.34
(n=2) o S
Fluvastatm 20mg 282.72 173.43 194.34 650.49
{n=7) Lo :
Fluvastatm 40mg - 342.06 217.26 420.88 980.20
(m=1) 5 : '
Pravastatm lﬂmg 337.84 200.05 228.20 766.09
(n=25) 1x10mg
Pravastatin 10mg - . 263.10 126.74 56.78 446.62
(n=1) 172 x 20mg S :
Pravastatin 20mg 301.95 146.24 186.48 634.67
(n = 158)
Pravastatin 40mg - - 480.76 . 107.18 160.31 748.25
(m=5) 2x20mg '
Pravastatin 40mg 509.52 173.05 217.19 899.76
(n=45) 1x40mg
Pravastatin 60mg 593,53 174.73 300.16 1068.42
m=2) 3x20mg |
Pravastatin 80mg - | 792.29 161.59 193.04 1146.92
n=2)  2x40mg G it : .
Simvastatin Smg ' -0 2583.22 15546 |  199.78 608.46
-(ll 5) N DI L SRR RECEREREE SRR RS PRNEE I SRR RNEES SIS R K :
Sunvastatm 10mg o '[‘6,23'.40 T 24238 380.02 1245.80
(n=4) i
Simvastatin 20mg ; =__*-i'5433 24  129.90 184.44 747.58
(n=12) b R ot . ' '
’Sxmvasgaun 30mg b © 168.98 | 227.11 704.31
Slmva_stan_n 40mg |- -~ 158.42 170.33 1300.26
(=1 2x20mg | | - | |
Simvastatin 40mg - | 520.06 131.87 192.48 844.41
(n=15) 1x40mg_




Table 3.23, using final drug/dosing regimen as classification, shows the
annual cost estimates of treatment for the primary prevention patients. Only three
of the pravastatin sub-groups met the requirement of a minimum cell size of 20
patients. Pravastatin 10mg, 20mg, and 40mg (once daily) had estimated total
annual direct medical costs of $800.97, $655.30, and $909.43, respectively. The
mean estimated annual drug acquisition costs were $346.06 for the pravastatin
10mg patients, $309.06 for the pravastatin 20mg patients, and $498.21 for
pravastatin 40mg patients. Mean estimated annual office visit costs ranged from
$155.33 for the pravastatin 20mg patients to $211.51 for the pravastatin 10mg
patients. Mean estimated annual lab test costs ranged from $190.91 for
pravastatin 20mg patients to $243.40 for pravastatin 10mg patients.

For the remaining groups not meeting the minimum cell size requirement,
the lowest estimated total annual direct medical costs were $534.72 for the one
atorvastatin 10mg patient and the highest were for the three simvastatin 10mg
patients at $1396.05. Mean estimated annual drug acquisition costs ranged from
a low of $234.33 for the atorvastatin 10mg patient to a high of $687.64 for the
three simvastatin 10mg patients. Mean estimated annual office visit costs ranged
from a low of $94.15 for the three pravastatin two by 20mg patients to a high of
$247.14 for the three simvastatin 10mg patients. Mean estimated annual lab test
costs ranged from $148.31 for the atorvastatin 10mg patient to $461.27 for the

three simvastatin 10mg patients.
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Table 3.23 Annual Cost Estimates of Treatment - PRIMARY PREVENTION
Using FINAL DRUG/DOSING REGIMEN and Mean Costs

=7 1 xv40mg

2 ILABTEST‘:’?* TOTFAL
“fCOSTS | DIR. MED » -’;
. i (S) - | COSTS (8)

Atorvastatin lﬁmg B I .. 14831} 534.72
@=1) - o e ’ L
Atforvastatin 20mg | . 512,72} . 111.83 160.31 | 784.86
Atorvastatin 40mg . | = N/A N/A N/A N/A
Flavastatin 20mg = 28272} . 173.43 194.35 650.50
@=7 LU PR _
Fluvastatin 40mg 34206 . -217.26 420.88 980.20
(=1) . R R
Pravastatin 10mg 346.06 211.51 243.40 800.97
(n=21)1x 10mg
Pravastatin 10mg N/A - N/IA -N/A N/A
(n=0) 172 x 20mg B '
Pravastatin 20mg 309.06 155.33 190.91 655.30
(n=111)
Pravastatm 40mg 460.60 | " 94.15 174.98 729.73
(n=3) 2x20mg o .
Pravastatin 40mg 498.21 169.54 241.68 909.43
(n=26) 1x40mg
Pravastatin 60mg - 542.94 237.63 | 425.83 1206.40
m=1)  3x20mg b
Pravastatin 80mg 79229 . 161.59 193.04 1146.92
(n=2) 2x40mg. ' . : ’ .
Slmvastatm Smg 263 16 17743 257.85 698.44
m=3) (o S 55 SR TR | BRI SRR ERRUIMAE S
Slmvastatm lOmg g 687 64 24741 46127 | 1396 05
@=3) . , A e
Snmvastatm 20mg SRR 42’1.55 13048 1 192,94 744.67
(m=11) S T N e DT o
‘Simvastatin mg | NA | NA | NA N/A
@=0) 3xW0mg | p b
Simvastatin 40mg - N/A - N/A o NA L N/A
m=0  2x20mg | - i e '
‘Simvastatin 40mg - 430861 . 124.28 182.06 | - 737.20
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Table 3.24, using final drug/dosing regimen as classification, shows
annual cost estimates of treatment for secondary prevention patients. Only the
group consisting of pravaétatin 20mg patients, with a cell size of 47, was large
enough for reliable estimates. The total annual estimated direct medical costs for
this group was $585.92, with mean estimated annual drug acquisition costs of
$285.15, mean estimated annual office visits costs of $124.75, and mean
estimated annual lab test costs of $176.02.

For the other smaller groups, the lowest total estimated annual direct
medical costs were $473.49 for the two simvastatin Smg patients and the highest
were $1300.26 for the one simvastatin 20mg, twice daily, patients. The mean
estimated annual drug acquisition costs ranged from $238.30 for the two
simvastatin Smg patients to $971.51 for the single simvastatin 20mg, twice daily,
patient. The mean estimated annual office visit costs ranged from $111.83 for the
one pravastatin 60mg (three by 20mg) patient to $228.12 for the single
simvastatin 10mg patient. The mean estimated annual lab costs ranged from
$90.84 for the single simvastatin 20mg patient to $243.33 for the one atorvastatin

20mg patient.
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Table 3.24 Annual Cost Estimates of Treatment - SECONDARY
PREVENTION Using FINAL DRUG/DOSING REGIMEN and Mean Costs

| TOTAL =
| DIR. MED.
| COSTS (8) _

.N/_A-

’Atorvastatm wmg 1. NA N/A
m=0) L . L
Aturvastatm zomg 435.65 135,79 243.33 | - 814,77
(n=1) o E ' ' o
Aforvastatin 40mg - 790.16 122.78 130.40 1043.34
(n=2) . o ' I,
Fluvastatin 0mg | . NA - NIA N/A N/A
muvastann omg | NA - N/A N/A N/A
=0 X RS :
Pravastatin 10mg - |- 29474 |  139.94 . 148.35 583.003
n=4) 1x10mg - : ’ '
Pravastatin20mg |~ 263.10] = 126.74 56.78 | 446.62
(n=1)1/2 x 20mg _ '
Pravastatin 20mg 285.15 124.75 176.02 585.92
(n=47)
Pravastatin 40mg | . 511.00 | 126.74 138.29 - 776.03
s 2x20mg | 0.1 ; _
Pravastatin 40mg - | 524,98 17785} 183.67 886.50
(n=19) 1x40mg ’ _ ' B
Pravastatin 60mg |~ 644.12 11183 174.48 ~ 930.43
@=1)  3x20mg | " S :
Pravastatin80mg | NA N/A - N/A N/A
(n=0) 2x40mg“..”ﬂ : '
Slmvastann Smg _' 23830 122.51 112 68 473.49
(m=2) RN e N S B s (ETIEE S SRR
Slmvastatm lOmg 43070 228.12 136 27 ' 795.09
Slmvastatm 20mg Lo 561861 0 12674 190.84 | 779.44
(ll 1) P PR A ol ) o . )
'sxmvastannsomg 30822 0 0 168981 22711 70431
@m=1) 3x10mg e o :
Simvastatin 40mg | - 97151 - 158.42 170.33 1300.26
(@=1) 2x20mg | o U
Simvastatin 40mg 59811} 138.52 | 201.61 938.24
(n=8) 1x4ﬂmg?” '
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FINAL DRUG ALONE AS CLASSIFICATION

Tables 3.25 through 3.27 use final drug alone as the classification and
show calculations for the overall sample, the primary prevention group, and the
secondary prevention group. Only pravastatin and simvastatin patients as
composites had sufficient cell sizes to meet the minimum requirement of 20
subjects per cell as an overall sample and as primary prevention. The total
estimated annual direct medical costs for pravastatin were $708.14 for the overall
sample (n = 238), $724.96 for the primary prevention patients (n = 164), and
$670.86 for the secondary prevention patients (n = 74). The total estimated
annual direct medical costs for simvastatin were $833.35 for the overall sample

(n=38) and $818.14 for the primary prevention patients (n = 24).

Table 3.25 Annual Cost Estimates of Treatment - SAMPLE OVERALL
Using FINAL DRUG and Mean Costs

DRUG NAME | DRUG | OFFICE | LAB TEST | TOTALDIR. -
VISIT | COSTS | MED. COSTS

COSIS(S) i (S 8
Atorvastatin | 552.60| - 129.05 162.55 844.20
=5 oo ,,
Fluvastatin =~ | 29014 . 17891}  222.66 - 69171
@=8) b b :
Pravastatin 355.13 156.43 196.58 708.14
(n =238)
Simvastatin 474.72 147.66 210.97 833.35
(n = 38)
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Table 3.26 Annual Cost Estimates of Treatment - PRIMARY PREVENTION
Using FINAL DRUG and Mean Costs

T | TOTAL DIR.
) o U HCOSTS (8
154.31 659.78

COSTS (8)

- 3Bs2

Atorvastatin
Fluvastatin -~ | 29014 17891 222661 - 691.71
=8 - | IR S

Pravastatin 353.87 164.24 206.85 724.96
(n = 164)
Simvastatin 437.73 148.99 231.42 818.14
(n =24)

Table 3.27 Annual Cost Estimates of Treatment - SECONDARY
PREVENTION Using FINAL DRUG and Mean Costs

| LABTEST | TOTAL DIR.
|COSTS | MED.,
1) | COSTS(S)
| 16805 - 967.15

Atorvastatin | -~ 6
Fluvastatin | NA | NA N/A N/A
(@=0 1 : F _
Pravastatin 357.91 139.11 173.84 670.86
(n=74)
Simvastatin | - 53812 - 14539}  17591] = 859.42
=14y Bt
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COST-EFFECTIVENESS RATIOS

Cost-effectiveness analysis “is an approach used for identifying,
measuring, and comparing the significant costs and consequences of alternative

% Cost-effectiveness is expressed in ratio form using monetary

interventions.’
value per some natural unit that can be measured. For this study, the
effectiveness of the statins was determined by the percent reduction in LDL level
(a measurable natural unit). The cost to be used in calculating the cost-
effectiveness ratios for the various statin drugs and drug/dosing regimen
combination will be the estimated annual total direct medical cost of each. The
cost-effectiveness ratios calculated for this study show the cost in estimated
annual total direct medical costs required to produce a one percent reduction in
LDL level, or price per percent reduction (PPR) in LDL level. For those patients
having a negative percent decrease in LDL level (meaning their LDL levels rose

over the course of treatment), no cost-effectiveness ratios were calculated

(effectiveness must be demonstrated first).




INITIAL DRUG AS CLASSIFICATION - OVERALL SAMPLE

Table 3.28, using initial drug/dosing regimen and mean overall percent
reduction in LDL as classifiers, shows calculation of the cost-effectiveness ratios.
For the sample overall, only three sub-sets of pravastatin had sufficient cell size
(minimum of 20 subjects per cell) for meaningful calculations. Pravastatin 10mg
(once daily) had a cost-effectiveness ratio of $41.45 PPR. Pravastatin 20mg had a
cost-effectiveness ratio of $35.53 PPR. Pravastatin 40mg (once daily) had a cost-

effectiveness ratio of $178.52 PPR.
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Table 3.28 Cost-Effectiveness (Annual Treatment Costs/ % Reduction in
LDL) - SAMPLE OVERALL - Using INITIAL DRUG/DOSING and MEAN

OVERALL % LDL REDUCTION

|

S OSTS ($)
Atorvastatin - NA N/A N/A .
Fluvastatin 20mg 8917t - 9.10% 76.01
m=8 . Sl N
Pravastatin 10mg 841.75 20.31% 41.45
(n =40)

1 x 10mg

Pravastatin 10mg | =~ 446.62 | - 9.60% 46.52
@=1 |

12x20mg a0 b

Pravastatin 20mg 659.88 18.57% 35.53
(n=193)

Pravastatin40mg | 754.67| -9.68% - N/A
Pravastatin 40mg 964.02 5.40% 178.52
(n=35) 1x40mg

Simvastatin 10mg | - - 795.09 . -70.86% N/A

(=1 R ST ,
Simvastatin 20mg 792331 - 35.45% 22.35
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Table 3.29 uses initial drug/dosing regimen as the classifier, but uses the
difference between baseline and final LDL level on record as the basis for the
observed percent decrease in LDL. The cost-effectiveness ratios for the overall
sample’s three pravastatin groups are $37.53 PPR for the 10mg patients, $32.10
PPR for the 20mg patients, and $215.66 PPR for the 40mg patients.

Table 3.29 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using INITIAL DRUG/DOSING REGIMEN and %
LDL REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

| OBSERVED | COST-
 |mamo
CUI(SPPRY:
Atorvastatin S NIA T . N/A N/A
Fluvastatin 20mg C69LTE - 8.90% 77.72
@=8 e _
Pravastatin 10mg 841.75 22.43% 37.53
(n = 40) 1 x
10mg .
Pravastatin 10mg 446.62 9.60% 46.52
(m =1) 12 x - -
20mg e
Pravastatin 20mg 659.88 20.56% 32.10
(n=193)
Pravastatin 40mg 754.67 -5.01% N/A
(n=8) 2x20mg
Pravastatin 40mg 964.02 4.47% 215.66
(n=35) 1x40mg
Simvastatin 10mg |~ 79509 = -70.86% N/A
(ﬂ'—:l) RS ::'::'5,.3'::_ i :_j, b .
Simvastatin 20mg | 79233 35.67% 22.21
=3




INITIAL DRUG AS CLASSIFICATION - PRIMARY PREVENTION

Table 3.30 looks strictly at primary prevention patients, using initial
drug/dosing regimen and mean overall percent LDL reduction as classifiers. Only
pravastatin 10mg (once daily) and pravastatin 20mg meet the cell size of 20
requirement. Their cost-effectiveness ratios were $41.23 PPR and $37.76 PPR

respectively.

Table 3.30 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
PRIMARY PREVENTION - Using INITIAL DRUG/DOSING REGIMEN
and MEAN OVERALL % LDL REDUCTION

iE ESTIMAT - FOBSERVED | COST- - .. .
MEAN % EFFECTWEN’ESS

Atorvastatin o o NIA .- N/A N/A

Fluvastatm 20mg 89T 9.10% : 76.01
Pravastatin 10mg 909.05 22.05% 41.23
(n=31) 1x10mg

Pravastatin I0mg | = N/A - N/A : N/A

(n=0) 1/2x20mg ' ’

Pravastatin 20mg 659.96 17.48% 37.76
(n=132)

Pravastatin40mg |~ 663.26 |  -13.02% N/A
‘(a=6) 2x20mg | R ,
Pravastatin 40mg | - 1010071 - 682% 14810
=19 1x40mg | | |
"Slmvastatm lﬁmg O NA L NA - N/A
Simvastatin 20mg | 69L15|  4287% 16.12
(n=2) TREE L : '




Table 3.31 uses initial drug/dosing regimen as classification, but uses the
difference between baseline and last LDL of record to determine the observed
percent decrease in LDL in primary prevention patients. Pravastatin 10mg (once
daily) had a cost-effectiveness ratio of $37.78 PPR. Pravastatin 20mg had a cost-
effectiveness ratio of $32.01 PPR.

Table 3.31 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -

PRIMARY PREVENTION - Using INITIAL DRUG/DOSING and % LDL
REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

RVED | COST- =
N Y% EFFECTIVENESS
REASE | RATIO = = -
Atorvastatin -~ - N/A N/A N/A
Flavastatin ZOmg 691.71 8.90% 77.72
m=8) -
Pravastatin 10mg 909.05 24.06% 37.78
(n = 31) 1 x
10mg
Pravastatin 10mg  NA N/A N/A
(= ) 11213:"" L
Pravastatin 20mg 659.96 20.62% 32.01
(n=132)
Pravastatm 40mg . 663.26 | -7.96% N/A
(n=6) 2x20mg | I
Pravastatin 40mg | 1010 07’ S 5.18% | 194.99
[n=19) 1x40mg | - - IR A =
Simv”asta'tin' Iﬂmg . '_NIA' : N/A N/A
(n 0) ..... .:b o L
SlmvastathOmg 69115 46.27% 14.94
n=2) B




INITIAL DRUG CLASSIFICATION - SECONDARY PREVENTION

Looking at secondary prevention patients on initial drug/dosing regimen

and using mean overall percent reduction in LDL as measures of effectiveness,

only pravastatin 20mg had sufficient cell size at 61. Table 3.32 shows pravastatin

: 20mg’s cost-effectiveness ratio to be $31.54 PPR. Table 3.33 uses the difference
between baseline and last recorded LDL value to calculate observed percent
decrease in LDL in the same patients. Here the cost-effectiveness ratio for

pravastatin 20mg is $32.26 PPR.

Table 3.32 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SECONDARY PREVENTION - Using INITIAL DRUG/DOSING
REGIMEN and MEAN OVERALL % LDL REDUCTION

Lo “OBSERVED COST- .
o EFFECTIVENESS
E. | RATIO
L ($fPPR)
Atorvastatin N/A . N/A
Fluvastatin = N/A N/A
Pravastatin 10mg - 609.97 14.31% | : 42.62
=9 1x10mg | -~ | .
Pravastatin 10mg |  446.62| = 9.60% 46.52
(n=1) 1/2x20mg | o ‘
Pravastatin 20mg 659.72 20.92% 31.54
(n=461)
Pravastatin 40mg | 1028.94 | 035% | . 2939.83
(n=2) 2x20mg | R ' )
Pravastatin4bmg | 90931 | . - 371% | 24510
(n=16) 1x40mg | | s
Simvastatin 10mg | 79509 -70.86% N/A
(@=1) _ T SR S
Simvastatin 20mg | 99470 | = 20.61% ' 48.26
(a=1) . SRS , |




Table 3.33 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SECONDARY PREVENTION - Using INITIAL DRUG/DOSING and %
LDL REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

Atorvastatin I NA | NA ~ NA
{n=20) b N _ :

Fluvastatin - NIA . - . N/A - ~ N/A
(m=0) -~ i ’ 2 '

Pravastatin 10mg | - 60997} . 16.83% - 36.24
@=9 ixtome| | | B
Pravastatin 10mg - | - 446.62 | 9.60% | 46.52
(=1 12x20mg|

Pravastatin 20mg 659.72 20.45% 32.26
(n = 61)

Pravastatin 40mg | 1028.94 3.83% | 268.65
(n=2) 2x20mg | - o s

Pravastatin4Omg | 90931} = 3.63% . 250.50
(n=16) 1x40mg SRR TR |

Simvastatin 10mg - 795.09 - -70.86% | N/A

(n=1) S o o . . .

Simvastatin 20mg | 99470 14.47% 68.74
(n=1) e
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SUMMARY - INITIAL DRUG

Tables 3.34 through 3.39 show cost-effectiveness ratio calculations for
initial drug by each approach to observed mean percent decrease in LDL and by
overall sample, primary prevention, and secondary prevention patients. Only
pravastatin had sufficient cell size. The calculated cost-effectiveness ratios
ranged from $39.36 PPR for pravastatin primary prevention patients using the
baseline to last recorded LDL percent reduction as the measure of observed
effectiveness, to a high of $45.49 PPR for pravastatin primary prevention patients

using the mean overall percent LDL reduction.

Table 3.34 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using INITIAL DRUG and MEAN OVERALL %
LDL REDUCTION

‘DRUG NAME | ESTIMATED | OBSERVED | COST- -
\NNU N% | EFFECTIVENESS

Atorvastatin___ | N/A T NA N/A

.(n_--_—'.ﬂ)._;:- e T e R L L
Fluvastatim ~ | 691711 9.10% | ©76.01
(n=8) - ISR IR IR '

Pravastatin 726.54 16.31% 44.55
(n=277)

Simvastatin =~ | - 793.02| - 887%| 89.40
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Table 3.35 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using INITIAL DRUG and % LDL REDUCTION
BETWEEN BASELINE and LAST RECORDED LDL

Atorvastatim | NA | NA N/A

(a=0) i, s L .

Fluvastatin | ~ 69L71| = 890% 77.72

(=8 a

Pravastatin 726.54 18.02% 40.32

(n =277)

Simvastatin 793.02 9.04% 87.72

=) o . e | _
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Table 3.36 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
PRIMARY PREVENTION - Using INITIAL DRUG and MEAN OVERALL

% LDL REDUCTION

1 EFFECTIVE\IESS:

Atorvastatin

N/A

N/A

n=0) s

Fluvastatin 691.71 | 9.10% 76.01
(n=28) 0y

Pravastatin 736.52 16.19% 45.49
(n = 188)

Slmvastatm : 691.15 | 42.87% 16.13
(a=2) ; Dt v v

Table 3.37 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -

PRIMARY PREVENTION - Using INITIAL DRUG and % LDL
REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

D | COST-

: EFFECTIVENESS

. | RATIO

 |eeemy

(Il : 0) S

Atorvastatin’

(a=8)

Fluvastatm' RETEER SRR 3

T 8%0%

77.72

Pravastatm
(n = 188)

18.71%

39.36

{n=2)

Simvastatin -

- 46.27%

14.94

9




Table 3.38 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SECONDARY PREVENTION - Using INITIAL DRUG and MEAN

OVERALL % LDL REDUCTION

| COST-

: EFFECTIVENESS
Atorvastatm . N/A N/A N/A
@=0) 5 ' -
'Flnvastatm, s NIA N/A N/A
(a=0) T R :
Pravastatin 705.47 16.57% 42.58
(n=277)
‘Simvastatin - - 894.90 - =25.12% N/A
=4 '

Table 3.39 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SECONDARY PREVENTION - Using INITIAL DRUG and % LDL
REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

lOBSERVED LCOST-7 i
’ .:_,fjfff[_ EFFECTIVENESS

SE | RATIO

o (S/PPR)

ll R BTN REHOHEN et
Ato'rvastati'n & N/A N/A
'Flnvastatm Tt N/A N/A N/A
Pravastatm 705.47 16.56% 42.60
(n=277)

Simvastatin | 394.90 o -28,19% N/A

=4 G
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FINAL DRUG AS CLASSIFICATION - SAMPLE OVERALL

Cost-effectiveness ratio calculations were performed using final drug or
drug/dosing regimen and both types of effectiveness calculations on the overall
sample as well as primary prevention and secondary patients. Table 3.40 shows
the cost-effectiveness ratio calculations for the overall sample using mean overall
percent reduction in LDL. Pravastatin 10mg (once daily) had a cost-effectiveness
ratio of $37.41 PPR. Pravastatin 20mg had a cost-effectiveness ratio of $33.79
PPR. Pravastatin 40mg (once daily) had a cost-effectiveness ratio of $77.50 PPR.

For those cells not containing the minimum number of subjects, the cost-
effectiveness ratios ranged from $21.67 PPR for the single atorvastatin 10mg
patient to $2875.31 PPR for the 12 simvastatin 20mg patients. Those cells having
a negative observed mean percent decrease in LDL did not have cost-

effectiveness ratios calculated as no effectiveness was observed.
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Table 3.40 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using FINAL DRUG/DOSING REGIMEN and

_EDAILY DOSE

MEAN OVERALL % LDL REDUCTION

_Atorvastatm l(lmg 534 72 L 24.68%
n=1) : RN _
’Atorvastatin 20mg i} o 799 82 i ~10.35% N/A
Atorvastatin 40mg 1043.34 . 34.34% 30.38
Fluvastatin 20mg 65049 0 7.92% | 82.13
m=7)- S R R _
Fluvastatm 40mg 980.20 v 17.34% 56.53
Pravastatm 10mg 766.09 20.48% 37.41
(m=25) 1x10mg
Pravastatin 10mg 446.62 . 9.60% 46.52
{n=1) 1/2 x20mg ' G
Pravastatin 20mg 634.67 18.78% 33.79
(n = 158)
Pravastatin40mg = | . . 748251 - -8.19% ‘N/A
m=5) 2x20mg | - o '
Pravastatin 40mg 899.76 11.61% 77.50
(n=45) 1x40mg
Pravastatin 60mg . 106842 . 35.42% 30.16.
(n=2) 3x20mg L '
‘Pravastatin 80mg - 1146.92 6.08% 188.64
(n=2) 2x40mg SR -
_Sunvastatm Smg | 60846 - 24.84% 24.50
m=5)y" .l o R S S
Slmvastatm lﬁmg : . 124580 | - -2.56% N/A
(n=4) S W I
Simvastatin 20mg | '747’ 581 - 0.26% | 2875.31
m=12) o Lo B R o
Simvastatin 30mg | - 704 3y 1 30.31% | 23.24
(m=1) 3x1i0mg [ = = | SERA -
Simvastatin 40mg | 130().261 = 10.63% 122.32
@=1) 2x20mg [ 1 | ~
Simivastatin 40mg : _844.4-1 17.96% 47.02
(n=15) 1x40mg DR
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Table 3.41, looking at the overall sample, used final drug/dosing regimen

as classification and percent LDL reduction between baseline and final recorded
LDL. Pravastatin 10mg (once daily) had a cost-effectiveness ratio of $35.73 PPR.
Pravastatin 20mg had a cost-effectiveness ratio of $31.59 PPR. Pravastatin 40mg
had a cost-effectiveness ratio of $78.58 PPR.

For those dosing regimens having less than 20 subjects per cell, the cost-
effectiveness ratios ranged from $8.54 PPR for one atorvastatin 10mg patient to
$180.14 PPR for the 12 simvastatin 20mg patients. Those cells having a negative
observed mean percent decrease in LDL between baseline and last recorded LDL

did not have cost-effectiveness ratios calculated as no effectiveness was observed.
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Table 3.41 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using FINAL DRUG/DOSING REGIMEN and %
LDL REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

2 EFFECTIVENESS

| RATIO(S/PPR)

Atorvastatm l()mg o

(n=1) - SRR . i

Atorvastatm 20mg S 199.82 - -3.16% N/A

(n=2) R .

Atorvastatin 40mg 1043.34. 1 37.82% 27.59
(n=2) MR v ;

Fluvastatin 20mg 650.49 | T.12% 91.36
@®=7) TR 3

Fluvastatin 40mg - 980.20 21.39% 45.83
Pravastatin 10mg 766.09 21.44% 35.73
(n=25) 1x10mg

Pravastatin 10mg - 446.62 - 9.60% 46.52
(n=1)1/2 x 20mg e '

Pravastatin 20mg 634.67 20.09% 31.59
(n = 158)

Pravastatin 40mg oo 74825 -1.73% N/A -

m=5 2x20mg SR '
Pravastatin 40mg 899.76 11.45% 78.58
(mn=45) 1x40mg

Pravastatin 60mg - 1068.42 - 38.00% 28.12
(m=2) 3x20mg BN '
Pravastatin 80mg | =~ 1146.92 13.52% 84.83
(n=2) 2x40mg | o

Simvastatin Smg 608.46 24.83% 24.51
= 5) """ PR 13;::}5;»::‘, N S N S T D
Slmvastatm lﬂmg 1 - 1245.80 -4.93% " N/A

n=4) B B N v :

vaastatm 20mg 747 58 ' - 415% | 180.14
Simvastatin 30mg | .;i;_'704 31 IE - 48.12% 14.64
m=1) 3x10mg U B _
‘Simvastatin 40mg . | ‘1300 26 22.41% 58.02
=1 2x20mg | = : s :
Simvastatin 40mg o :844.41' e 24.83% 34.01
(=15 1x40mg : '
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FINAL DRUG AS CLASSIFICATION - PRIMARY PREVENTION

Table 3.42 looked at primary prevention patients, using final drug/dosing
regimen and mean overall percent LDL reduction. The cost-effectiveness ratio
for pravastatin 10mg was $36.51 PPR. The cost-effectiveness ratio for
pravastatin 20mg was $36.41 PPR. The cost-effectiveness ratio for pravastatin
40mg was $74.12 PPR.

For those cells not containing the minimum number of subjects, the cost-
effectiveness ratios ranged from $21.33 PPR for the three simvastatin 5mg
patients to $954.71 PPR for the 11 simvastatin 20mg patients. Those cells having
a negative observed mean percent decrease in LDL did not have cost-

effectiveness ratios calculated as no effectiveness was observed.
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Table 3.42 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
PRIMARY PREVENTION - Using FINAL DRUG/DOSING REGIMEN
and MEAN OVERALL % LDL REDUCTION

S COST- e e
4 EFFECT IV ENESS
; - COSTS ($) NILDL . | RATIO(/PPR) =
| Atorvastatm 10mg g - 53472 1 24.68% ' 21.67
| (n=1) R B R B . ’
| _Atorvastatm 2omg | 78486|  2923% 26.85
Atorvastatm 40mg | - CONA | N/A N/A
Fluvastatm 20mg . 650.50 7.92% . 82.13
@=7) E
‘Fluvastatm 40mg P 980.20 17.34% 56.53
(n=1) i . ’ ,
Pravastatm lOmg 800.97 21.94% 36.51
(n=21) 1x10mg
Pravastatin 1I0mg | NA |  NA N/A
(n=0)1/2 x 20mg o .
Pravastatin 20mg 655.30 18.00% 36.41
(n=111)
Pravastatin 40mg | = 72973 | .. -833% | - N/A
@m=3) 2x20mg | - o
Pravastatin 40mg 909.43 12.27% 74.12
(n=26) 1x40mg
Pravastatin 60mg | 120640 | - 20.34% 59.31
(@m=1) 3x20mg | :
Pravastatin 80mg | . 114692 6.08% 188.64
@m=2) 2x40mg | L S ,
Simvastatin Smg o 698;44 32.74% 21.33
(= 3) """ o : .::;v.':” R R e e Ny : o
:Snmvastatm lﬂmg' B 1396 05 T 2021%  69.08
(n=3) SRR R _
Slmvastatm 20mg 744 67: - 0.78% ' , 954,71
=11 o
»Sxmvastaﬁnmmg cala :_iNlAg??*- i NIA o N/A
(=0) 3xW0mg | - i -
Simvastatin40mg | -~ NA. | NA © N/A
(m=0) ZxZGmgf"7’.,'{7“:.“"-?!- R R ' :
Simvastatin 40mg | . 737.20 | 17.41% 4234
m=7 1x40mg | -
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Table 3.43 looked at the same patients but used the percent LDL reduction
between baseline and last recorded LDL level. The cost-effectiveness ratio for
pravastatin 10mg was $34.69 PPR. The cost-effectiveness ratio for pravastatin
20mg was $32.20 PPR. The cost-effectiveness ratio for pravastatin 40mg was
$59.02 PPR.

For those dosing regimens having less than 20 subjects per cell, the cost-
effectiveness ratios ranged from $8.54 PPR for one atorvastatin 10mg patient to
$202.91 PPR for the 11 simvastatin 20mg patients. Those cells having a negative
observed mean percent decrease in LDL between baseline and last recorded LDL

did not have cost-effectiveness ratios calculated as no effectiveness was observed.
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Table 3.43 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
PRIMARY PREVENTION - Using FINAL DRUG/DOSING and % LDL

REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

fEFFECTWENEss

N 6260%

3.54

(n=7 1x40mg

Atorvastatm IOmg 1 53472
(m=1): ; SRS i :
sAtorvastatm 20mg s . 784.86 33.69% 23.30
=1y S . 1
Atorvastatin 40mg N/A - N/A N/A
@=0) | - |
Fluvastatin 20mg < 650.50 | T12% | 91.36
@=17) L
Fluvastatin 40mg | . 980.20 21.39% 45.82
n=1) “ ’
Pravastatin 10mg 800.97 23.09% 34.69
(n=21) 1x10mg
‘Pravastatin 10mg . N/A N/A N/A
(n=0)1/2 x 20mg D A ' : :
Pravastatin 20mg 655.30 20.35% 32.20
(n=111)
Pravastatin40mg - |~ 72973 -8.97% N/A
@m=3) 2x20mg S
Pravastatin 40mg 909.43 15.41% 59.02
n=26) 1x40mg
‘Pravastatin 60mg - 1206.40 14.43% 83.60
(n=1) 3x20mg L o
Pravastatin 80mg - 114692 | 13.52% 84.83
(n 2) 2x 40mg ) . e o .
Sxmvastatm Smg _ 698.44 | 30.35%. | - 23.01
I:.(n 3) B e SRR S S
Snnvastatm IOmg 17.05% 81.88
Sxmvastatm 20mg S R / 3.67% 202.91
=11 _ o e ’
,Sxmvastaim 30mg | NA NA NA
@m=0) 3xl0mg [ » '
Simvastatin 40mg° | NA o NIAC - N/A
m=0) 2x20mg | o
Simvastatin 40mg 737.20 24.67% 29.88
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FINAL DRUG AS CLASSIFICATION - SECONDARY
PREVENTION

Table 3.44 looked at secondary prevention patients, using final
drug/dosing regimen and mean overall percent LDL reduction. Only the
pravastatin 20mg patients had a sufficient cell size at 47. The cost-effectiveness
ratio for pravastatin 20mg was $28.42 PPR.

For those cells not containing the minimum number of subjects, the cost-
effectiveness ratios ranged from $18.42 PPR for the single pravastatin 60mg
(three by 20mg) patient to $122.32 PPR for the one simvastatin 40mg (two by
20mg) patient. Those cells having a negative observed mean percent decrease n
LDL did not have cost-effectiveness ratios calculated as no effectiveness was

observed.
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Table 3.44 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SECONDARY PREVENTION - Using FINAL DRUG/DOSING REGIMEN
and MEAN OVERALL % LDL REDUCTION

OBSERVED - COST- , S
% {; EFFECTIVENESS i

D/ ($): - HINLDL ¢ | RATIO ($/PPR) ~ = -
Atorvastatm lﬂmg . N/A - NIA ; N/A
'Atorvastatln 2(}mg e 814,771 . -49.94% - N/A
(n=1) - ST o o
Atorvastatin 40mgr S 104334 34.34% - 30.38
Fluvastatin 20mg ' N/A - v N/A N/A
(n = 0) . : o o ) )
Fluvastatin 40mg - N/A N/A N/A
@=0) S CILE RN R .
Pravastatin I0mg | 583.03| - 1281% 45.51
(n=4) 1x10mg
Pravastatin 10mg o 446621 0 9.60% | - 46.52
=1)12x20mg | o
Pravastatin 20mg 585.92 20.62% 28.42
(n=47)
Pravastatin 40mg | . 776.03 -7.99% : N/A
m=2) 2x20mg | o 4
Pravastatin40mg |~ 886.50 | 10.70% 82.85
(n=19) 1x40mg o .l ,
Pravastatin 60mg = | 93043 | 50.51% 18.42
Pravastatin 80mg | N/A -~ N/A N/A
(n=0) 2x40mg | - - : :
Simvastatin Smg. | 473.49 | 12.99% 36.45
m=2) B o L te I = S L
'Stmvastatm lOmg LT 795,09 ©270.86% ‘N/A
@m=1) - R | - o
Szmvastatm 20mg G 77944 | -5.56% { N/A
@=1y |
Simvastatin 30mg oo 10431 o 3031% ' - 2324
»Snmvastatm 40mg o ,’,:-___1300.26 10.63% 122.32
@m=1) 2x20mg | - ' ‘
Simvastatin40mg | 938 24 | 18.44% 50.88
(n=8) 1x40mg '
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Table 3.45 looked at the same people but used the percent LDL reduction
between baseline and last recorded LDL level as the measure of effectiveness.
Pravastatin 20mg patients, the only group with a cell size greater than 20, had a
cost-effectiveness ratio of $30.09 PPR.

For those dosing regimens having less than 20 subjects per cell, the cost-
effectiveness ratios ranged from $14.64 PPR for one simvastatin 30mg (three by
10mg) patient to $146.77 PPR for the 19 pravastatin 40mg (one by 40mg)
patients. Those cells having a negative observed mean percent decrease in LDL
between baseline and last recorded LDL did not have cost-effectiveness ratios

calculated as no effectiveness was observed.
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Table 3.45 Cost-Effectiveness (Annual Treatment Costs/ % Redue. in LDL) -
SECONDARY PREVENTION - Using FINAL DRUG/DOSING and % LDL
REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

COST- .
1 EFFECTIVENESS
3 - RATIO (3/PPR)
| Atorvastann l(}mg » N/A
1 m=0) " o N
Atorvastatm 20mg L 87T -40.00% | N/A
(n=1) B T B o
Atorvastatm 40mg o 1043.34 37.82% 27.59
(n 2) o : : :'f N
Fluvastatin 20mg . NA- N/A N/A
(n=0) R B v
Fluvastatin40mg | ° NA N/A N/A
{(n= 0) g ‘ S R . )
Pravastatin 10mg oo 58303 ¢ 12.81% 45.51
=4 Ix10mg | -
Pravastatin 10mg | ~  446.62 | 9.60% 46.52
(n=1)12x20mg | ’ e :
Pravastatin 20mg 585.92 19.47% 30.09
(n=47)
Pravastatin40mg |~ 776.03 | -5.86% N/A
@=2) 2x20mg | ‘ , :
Pravastatin40mg © | .- 886.50 6.04% 146.77
(n=19) 1x40mg |
‘Pravastatin60mg | 93043 | 61.57% - 15.11
m=1) 3x20mg | 3
Pravastatin 80mg | - N/A N/A N/A
@=0) 2x40mg |
Simvastatin Smg s 473 49 16.32% 29.01
(ll=2) S B RUEESIER TN . : T
Simvas_taﬁn 0mg | 1’795 09 - -70.86% N/A
S:mvastatm 20mg o BTN 779 44 9.40% 82.92
m=1) - e 1
Sxmvastatm30mg : r704.31' U 48.12% 14.64
(=1 3x10mg | o '
Simvastatin 40mg | -':1300 26 2241% 58.02
(a=1) 2;20mg" iy , :
Simvastatin 40mg |  938.24 24.96% 37.59
f(p=8) 1x40mg | - '
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FINAL DRUG AS CLASSIFIER - SUMMARY

Tables 3.46 through 3.51 used final prescribed drug as the classifier.
Tables 3.46 and Table 3.47 looked at the overall sample with mean overall
percent LDL reduction and difference between baseline and final LDL level
respectively. The cost-effectiveness ratios for pravastatin patients were $41.58
PPR (mean change) and $39.21 PPR (last change), respectively, and $74.08 PPR.
(mean change) and $53.05 PPR (last change) for simvastatin. Table 3.48 and
Table 3.49 looked at primary prevention patients using mean overall percent LDL
reduction and difference between baseline and last LDL level respectively. The
calculated pravastatin cost-effectiveness ratios were $42.67 PPR (mean change)
and $37.64 PPR (last change), respectively, and $67.90 (mean change) and
$55.21 PPR (last change) for simvastatin. Table 3.50 and Table 3.51 looked at
secondary prevention patients using mean overall percent reduction in LDL and
percent change between baseline and final LDL value. The cost-effectiveness
ratios for pravastatin 20mg were $39.16 PPR (mean change) and $43.53 PPR (last
change), respectively. No other cells met the minimum requirement of 20

subjects per cell.
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Table 3.46 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using FINAL DRUG and MEAN OVERALL %

LDL REDUCTION

1 COST= B
EFFECINENESS_

Atorvastatin - - 844. 20 14.53% 58.10
(n=5) | | |

Fluvastatin - : 691-.71 e 9.10% 76.01
(n=28) o

Pravastatin 708.14 17.03% 41.58
(n =238)

Simvastatin 833.35 11.25% 74.08
(n = 38)

Table 3.47 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SAMPLE OVERALL - Using FINAL DRUG and % LDL REDUCTION

BETWEEN BASELINE and LAST RECORDED LDL

| COST-

FRATIO

| (SIPPR)

EWEMENESS

Atorvastatin _ T 84420  26.38% 32.00
(ll=5) PR St i:‘ SR PRI n
Fluvastatin .~ | 69L71} ~ 890% | 71.72
m=8 R B -
Pravastatin 708.14 18.06% 39.21
(n = 238)

Simvastatin 833.35 15.71% 53.05
(n =38)
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Table 3.48 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -

PRIMARY PREVENTION - Using FINAL DRUG and MEAN OVERALL

% LDL REDUCTION

)y |cOST-

EFFECTIVENESS
E | RATIO
_i»»(SIPPR)

659.7 8

26.95%

24.48

Atorvastatin

(n=2) |

Fluvastatin 691,7 1 9.10% 76.01
(n=8) L

Pravastatin 724.96 16.99% 42.67
(n = 164)

Simvastatin 818.14 12.05% 67.90
(n=24)

Table 3.49 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
PRIMARY PREVENTION - Using FINAL DRUG and % LDL
REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

COST-.

EFFECTIVE?QESS

oL (eRRR)

1 48.14%

1371

fAtorvastatm b
(=2 R
Fluvastatin ~ 691,71 8.90% 77.72
'(n:;:s)'.::‘ ) =
Pravastatin 724.96 19.26% 37.64
(n =164)
Simvastatin 818.14 14.82% 55.21
(n = 24)




Table 3.50 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SECONDARY PREVENTION - Using FINAL DRUG and MEAN
OVERALL % LDL REDUCTION

Atorvastatin
(n=3) |

154.74

(n=0)

Fluvastatin

N/A

N/A

Pravastatin
(n=74)

17.13%

39.16

Simvastatin
(n=14)

- 859.42

9.86%

87.16

Table 3.51 Cost-Effectiveness (Annual Treatment Costs/ % Redue. in LDL) -
SECONDARY PREVENTION - Using FINAL DRUG and % LDL
REDUCTION BETWEEN BASELINE and LAST RECORDED LDL

OBSERVED

lcost-

- »EFFEC’I‘WENESS

EASE | RATIO e
L |erPR)
Atorvastatin - 1141 80 11 88% 96.11
(n= 3) o .
Fluvastatin N/A N/A N/A
{n=10) A L [P '
Pravastatin 670.86 15.41% 43.53
(n =74)
Simvastatin - 859.42 17.24% 49.85
(n=14) o
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SENSITIVITY ANALYSES

Lab test costs and.provider office visit costs were varied by + 20% to see
how this impacted the cost-effectiveness ratios. ~ Only patienté receiving
pravastatin as the final drug (as a composite with n = 238) and patients receiving
simvastatin as the final drug (as a composite with n = 38) were examined. A
composite effectiveness measure of the average of the mean overall percent
reduction in LDL and the percent changed between baseline and last recorded
LDL was used.

Table 3.52 shows the calculated cost-effectiveness ratios when annual
estimated costs for lab tests and provider office visits were varied for pravastatin
(n = 238) as the final drug prescribed. The values calculated with + 20% cost
differences in the mean annual estimated lab test and provider visit costs ranged
from $36.35 PPR to $44.40 PPR.

Table 3.53 shows the calculated cost-effectiveness ratios when annual
estimated costs for lab tests and provider office visits were varied for simvastatin
n = 38) as the final drug prescribed. The values calculated with + 20% changes in
mean annual estimated non-drug costs ranged from $56.50 PPR to $67.14 PPR.

This sensitivity analysis shows that even with varying the non-drug costs
by + 20%, pravastatin as the final prescribed drug patients demonstrated more
favorable cost-effectiveness ratios (dollars per percent reduction in LDL) than

simvastatin as the final prescribed drug patients.
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Table 3.52 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
PRAVASTATIN (N = 238) AS FINAL DRUG

EFFECTIVENESS
' RATIO e

3 f:f ($/PPR)
High Labs 778.74 17.54% 44.40
High Visits :
Low Labs 637.54 17.54% 36.35
Low Visits
High Labs 700.11 17.54% 39.92
Low Visits
Low Labs 716.17 17.54% » 40.83
High Visits

Table 3.53 Cost-Effectiveness (Annual Treatment Costs/ % Reduc. in LDL) -
SIMVASTATIN (N = 38) AS FINAL DRUG

D OBSERVED 1 COST- . o s
‘ME : ' EFFECTIVEVESS '
RATIO - R
Ry

ngh Labs 905.08 13.48% 67.14
High Visits

Low Labs 761.63 13.48% 56.50
Low Visits

High Labs 820.69 13.48% 60.88
Low Visits

Low Labs 846.02 13.48% 62.76
High Visits
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SUMMARY

In summary, this chapter has presented the findings of the study, both as
tables and in the text. The selection process of the final study subjects was
described in detail and certain patient demographics comparing the original and
final subjects were given. Each objective was reported on in detail. Objective
one was inconclusive except for certain pravastatin sub-groupings. Objective two
was inconclusive except that there were no statistically significant differences
detected between the pravastatin and simvastatin patients, the only groups with a
cell size greater than 20. Objective three was accomplished for most drug and
drug/dosing regimens, although with a cell size of less than 20 for the majority of
the groups casts doubt on the practical value of some of the calculated cost-

effectiveness ratios.
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CHAPTER FOUR

DISCUSSION AND CONCLUSIONS

The purpose of this study was to examine patient outcomes, using LDL

cholesterol blood levels as surrogates for long-term cardiovascular effects. The

study subjects were selected from all statin users in the military beneficiary

population served by the Composite Health Care System (CHCS) computer

system in the greater San Antonio area.

The specific objectives of the study were:

1.

to determine whether LDL cholesterol blood levels were being
lowered by statin therapy in the actual-use setting of military
beneficiaries in the San Antonio CHCS population as predicted by
the October 1995 Department of Defense (DoD)
Pharmacoeconomic Center (PEC) and clinical trials;

to determine whether there were any differences in this population
in percent LDL reduction between the specific statin drugs used,
and

to compare the cost-effectiveness by calculating treatment cost
(medication costs, office visit costs, and laboratory costs) per
percent reduction in LDL cholesterol.

The hypotheses were: (1) there would be no differences between

predicted percent LDL reduction and what was observed in the study; (2) there

would be no differences between the five currently-marketed statins in the mean
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percent reduction in LDL; and (3) there would be no differences in the cost-

effectiveness of the five statins.
OVERVIEW

Those eligible for care at military treatment facilities (MTFs) are active
duty military members or family members, military retirees or family members,
and certain foreign military members and their families while assigned to
American military facilities. Retirees are treated at MTFs on a space-available
basis and are prioritized as following active duty members, active duty family
members, retirees who are members of TRICARE (the military’s HMO (health
maintenance organization)), retiree family members who are TRICARE
members, non-TRICARE retirees, and non-TRICARE retiree family members.
Those patients who are Medicare-eligible (over 65 years of age) are no longer
eligible for TRICARE membership.

Those who were not selected as final study subjects tended to be older
than those who were selected (mean age of 65.34 years + 10.28, with a range of 4
to 93, for those not selected vs. mean age of 62.81 years +10.73, with a range of
20 to 85). Those who were not selected tended to have other insurance (including
Medicare) than those selected (2694/3495 reporting insurance or 77.1% for those
not selected vs. 154/229 reporting insurance or 67.2% for those selected). Those
who were selected tended to be TRICARE members more than those not selected
(17/229 or 7.4% for those selected vs. 223/3495 or 6.4% for those not selected),

The final study subjects (by being younger, having less outside insurance, and
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being TRICARE members more frequently), had an increased probability that the
MTF served as their primary source of healthcare (through increased access and
less incentive to use outside sources). Having an out-of-state address as home of
record did not appear to be a major determinant of whether the patient met the
selection criteria or not (4052/4121 or 97.7% were Texas residents in the group
not selected vs. 285/289 or 98.6% for those who were selected).

Patient gender differed between those who met the selection criteria and
those who did not. Those not meeting the selection criteria were more evenly
balanced between males and females (2429/4142 or 58.6% male and 1713/4142
or 41.3% female, with five subjects not reporting gender) than those who did
meet the selection criteria (190/289 or 65.7% male and 99/289 or 34.3% female).
This is not surprising as the risk of coronary heart disease (CHD) begins at age 45
for men but not until 55 years of age or menopause, as discussed Chapter Two.
As this study focused on new statin-users, those individuals who were younger
and male were at higher risk and more likely to be screened for lipid disorders
and subsequently treated. In the actual-use setting of this study, increased access
to the MTFs 1s usually seen in this population as well (129/2599 males or 5.0%
were active duty vs. 8/1790 females or 0.4% and 2440/2599 males or 93.9% were
military retirees vs. 36/1790 females or 2.0%). As described in Chapter One,
most clinical trials have focused on males, which might also have influenced
medical practice concerning statin therapy.

When ethnicity between those selected and those not selected was
dichotomized as either white or non-white, both groups were similar (81.7%

white and 18.3% non-white for those not selected vs. 84.7% white and 15.3%
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non-white for those who were selected). Missing values were a problem with this
variable as 1964/4147 (or 47.4%) of the non-selected subjects did not report
ethnicity as did 99/289 (or 34.3%) of the selected subjects. For the non-selected
patients, 13/2183 (or 0.3%) reported being Asian, 91/2183 (or 2.2%) reported
being Hispanic, 125/2183 (or 3.0%) reported being other, 170/2183 (or 4.1%)
reported being Black, and 1784/2183 (or 43.0%) reported being white. For those
who were selected, 3/190 (or 1.0%) reported being Hispanic, 7/190 (or 2.4%)
reported being other, 19/190 (or 6.6%) reported being Black, and 1611/190 (or
55.7%) reported being White. Because of the large number of missing values, 1t
is not possible to draw conclusions based on ethnicity sub-groupings.

Because of the disproportionate amount of pravastatin patients in the
study population, it was difficult to draw conclusions on statin patients other than
pravastatin simply due to small cell size. For objective one, 95 percent
confidence intervals (+ 1.96 times the standard error of the mean) about the
observed mean percent reduction in LDL were created to see if the predicted -
value fell within the interval. For objective two, head-to-head statin comparisons
were not possible due to small cell sizes, with the exception of some simvastatin
to pravastatin comparisons in the final prescribed drug category. For objective
three, cost-effectiveness ratios could be calculated on all drug or drug/dosing
regimens that had positive observed percent reduction in LDL, although small cell
sizes lead to the questionable value of some of these calculations.

In randomized controlled clinical trials, patients are assigned to a specific
treatment, which they would remain on for the duration of the study. Of the final

289 study subjects, 77.2 percent (223/289) remained on the same drug from start
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to finish. A total of 58.5 percent (169/289) remained on the same drug and dose
the entire time.

As described in Chapter One, the literature uses a compliance rate of at
least 80 percent to consider a patient as having been compliant for the purposes of
the study. In the present study, compliance was measured by dividing the number
of days of medication received during the study period by the number of days
(expressed as months) between initial statin prescription an.d final fill. For the
composite group of 289 final subjects, the mean was 100.00 percent compliance,
with a standard deviation of 43.78. For the purposes of this study, 100 percent
compliance was achieved by those subjects who received the appropriate amount
of medication for the time interval between the initial and final statin fill (such as
180 tablets between January 1 and July 1 of the same year). Only 39 of the 289
final subjects (13.5%) had a compliance rate of less than 80 percent. Individuals
who had a compliance rate of over 100 percent were usually involved in multiple
drug/dosing regimen changes or were leaving the area for an extended period of
time. The military has a policy of allowing up to a 90-day supply of maintenance
medications, so if a patient were switched to another drug and/or dosing schedule
part-way into the 90-day interval, this would register as excess medication and
would inflate the calculated compliance rate. Also, as refill history was used as a
surrogate for actual medication usage, there may have been discrepancies
between what was actually taken and what appeared to have been taken by the
patient.

This study took place in the actual-use environment of outpatient care

where patients came not only from around the state of Texas for care (such as
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Houston, Dallas, Lubbock, Abilene, and Wichita Falls) but also from out of state
on occasion. The sample population tended to be older and many had Medicare
or some other form of medical insurance beyond just that provided by the
military. From the preliminary analysis of 599 potential subjects, 27 percent had
no labs or only one lab on file in CHCS. Distant home locations and the fact that
Medicare covers lab work but not prescription medications may have contributed
to the relatively low availability of sufficient labs for the purpose of this study.
Thus, the appropriate lab work may have been performed but the records
maintained outside of the CHCS system and were, therefore, unavailable to this
researcher.

Following the PEC guidelines with réspect to scheduling of LDL labs did
not seem to be common practice in the CHCS provider population. Of the 289
final subjects, 177 (61.2%) had LDL levels at two months after initial statin fill,
141 (48.8%) at the four-month i)oint, and 106 (36.7%) at six months. Of the 289
final subjects, 86 (29.8%) had LDL values available at the nine-months milestone.
At the twelve-months point, 74 (25.6%) patients had LDL levels recorded. At 15
and 18 months, only 36 (12.5%) and 10 (3.5%) patients, respectively, had LDL
values available. In the final study subjects, only one (0.3%) subject had LDL
values beyond 18 months available.

The baseline LDL level was 148.92 mg/dl, with a standard deviation of
+38.77, for the composite of all 289 ﬁnal study subjects. The mean LDL value
from baseline to final recorded LDL was 120.73 mg/dl, with a standard deviation
of +31.91. The mean final LDL recorded was 117.82, with a standard deviation

of +34.53. The mean overall percent reduction in LDL was 16.01 percent, with a
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standard deviation of +26.12. The mean percent reduction between baseline and
last LDL recorded was 17.64 percent, with a standard deviation of +28.75. In
clinical trials, patients must meet very stringent selection criteria, including
specific admission LDL levels (such as >130 mg/dl or 3.4 mmol/L but <190 mg/dl
or 4.9 mmol/L). Other than the requirement that the patient had at least one pre-
and one post-treatment non-zero LDL value on file, no exclusions were made on
the basis of admission LDL level.

In clinical trials, patients have a specific schedule for follow up and are
encouraged to keep appointments. This is not the case in military treatment
facilities (MTFs) where the current environment of down-sizing discourages
office visits and provider contact. Especially for the older retirees who are
eligible for Medicare coverage, the military is no longer supporting the cradle-to-
grave medical benefits that many have come to take for granted over the past 40
years since World War II. Many barriers to access have been implemented in
recent years which make .it nearly impossible for older retirees to receive much
medical care at the MTF beyond having prescriptions filled. This may also
account for the low .percentage of patients available for final stuciy inclusion
(15.4% estimated). In fact, the study subjects tended to be younger than the
original sample overall. This might be due to the selection criteria of being
statin-naive, which may have favored younger subjects just being recognized with

coronary risk factors.
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LIMITATIONS OF THE STUDY

This study was a longitudinal retrospective analysis of an existing
database in the non-randomized, multiple group, pretest-posttest format. As such,
there is the potential for selection bias in study subjects (not every military
beneficiary in the DoD had an equal chance to be included in the study, only
those in the greater San Antonio, Texas, area). Also, only those individuals
receiving new statin prescriptions in the months of October 1996, April 1997, and
October 97 were initially identified as potential study subjects.

The selection criteria for study inclusion were relatively lenient, requiring
only that the patient be statin free for six months prior to the initiation of statin
therapy, have at least one non-zero LDL value pre- and post-treatment on file, and
that more than a single fill of statins was recorded. This allowed for a lot of
- variability among final study subjects and decreased internal validity. Comorbid
conditions were allowed which may also have affected internal consistency of the
study.

Costs were based on either 1998 MTF costs or published values.
Discounting was not performed as patients did not all start at the same time,
ranging August 1996 through October 1997 for the initial statin fill. All prices
were calculated using the same rate. The point of view for cost of treatment and
benefits from percent reduction in LDL was that of the MTF. Although it is
currently becoming more difficult for the older retirees as well as all individual
who are Medicare-eligible to be treated at the MTF, they still remain the

responsibility of the MTF. Long-term cost-savings (such as only prescribing
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statins for the highest at-risk patients vs. everyone who might benefit from statin
therapy) or future resource usage (such as additional healthcare costs due to
patients living longer as a result of statin therapy preventing fatal heart attacks)
were not addressed by this study.

Numerous missing or incomplete lab values denied access to a lot of
potentially useful information. There is no way of knowing whether these
individuals had similar responses to the statins as was observed in the final study
subjects. Because only about 15 percent of the original sample would have been
eligible for final subject status, the study subjects may not be representative of the
overall statin user population. |

One of the major limitations of this study is that there was a lack of
sufficient subjects receiving statins other than pravastatin and, to a certain extent,
simvastatin.‘ If the cell sizes had been larger for the non-pravastatin groups, more
meaningful comparisons between the various statins and/or dosing regimens
within the same statin could have been made. From a formulary decision-making
perspective, both cost and effectiveness must be factored into the model. Lack of
sufficiently large cells for the statins other than pravastatin, as found in this study,

makes generalizability beyond the final study subjects difficult.

OBJECTIVE ONE

Objective one was to compare predicted mean percent reduction in LDL
with observed mean percent LDL reduction in the final study subjects. With only

pravastatin 10mg (once daily), pravastatin 20mg, and pravastatin 40rhg (once
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daily) having sufficient cell sizes using initial drug/dosing regimen as the
classifier and adding simvastatin 40mg (once daily) using classification by final
drug/dosing, it was difficult to say much about comparisons between other statin
drug/dosing regimens.

Objective one could only be accurately assessed as initial and final
drug/dosing regimens for pravastatin 10mg (once daily), pravastatin 20mg,
pravastatin 40mg (once daily), and for simvastatin 40mg (once daily) when it was
the final drug/dosing regimen used, due to cell size. Pravastatin 10mg and 20mg
patients either attained the predicted mean percent LDL reduction level or came
very close through the use of 95 percent confidence intervals. Pravastatin 40mg
(once daily) and simvastatin 40mg (once daily) failed to attain the predicted
values.

Even with pravastatin 40mg’s sufficiently large cell size, it is difficult to
say why the observed mean percent LDL reductions were so much lower than the
predicted value of 33.7 percent (4.47% +14.41 for the overall sample of initial
patients and 13.10% +9.75 for final overall sample patients). Because the MTFs
use a formulary system, with pravastatin as the statin of choice, the lowest dosage
of an agent is recommended for initial therapy. It may be that the pravastatin
40mg patients were the more difficult patients who had failed on previous therapy
with other non-statin medications.

Atorvastatin is the newest agent to be released, having been on the market
only since about July of 1997. It is being touted for triglyceride lowering effects,
but the proportion of study patients on the drug was too small to say much about

the effects on LDL cholesterol. Since atorvastatin is a non-formulary or “special
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request” item, only those individuals having failed on other therapies are likely to
receive this medication. Perhaps more dramatic effects would have been seen if
the patients could have been followed for the full two and one-half years
recommended by the literature to see the full effects of statin therapy in secondary
prevention patients.

Another possible explanation for not achieving predicted mean percent
LDL reduction could be the presence of underlying conditions or previous therapy
with other lipid-lowering agents. Of the 289 final study subjects, 69 (23.9%)
received diabetic medications and 44 (15.2%) received thyroid medications,
commonly accepted surrogates for these two underlying disease states. Cigarette
smoking status is another commonly accepted risk factor for coronary heart
disease (CHD), but smoking cessation products tend to be non-formulary at
MTFs. Only three (1.0%) of the final study subjects had nicotine patches in their
prescription history.  When hypertension is classified as receiving anti-
hypertensive agents such as hydrochlorothiazide or similar diuretics, 44 (15.2%)
of the study patients could be so classified. Other drugs used in the treatment of
hypertension, angiotensin converting enzyme (ACE) inhibitors, calcium channel
kblockers, and beta blockers, are also used in the treatment of a variety of other
disease states, including migraine headaches, so were not assumed to indicate
presence of hypertension, a commonly recognized risk factor for CHD. There
were 124 (42.9%) patients receiving ACE inhibitors, 50 (17.3%) receiving
calcium channel blockers, and 114 (39.4%) receiving beta blockers. Of the final
289 subjects, 95 had received some type of prior non-statin lipid-lowering

therapy. Drugs included niacin, colestipol, cholestyramine, and gemfibrizol.
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High-density lipoprotein (HDL) cholesterol levels can represent either a
positive or negative risk factor. Positive (at increased risk of CHD) risk factors
with respect to pre-treatment mean HDL levels (below 35 mg/dl or 0.9 mmol/L)
were seen in 78 (27.0%) patients. Negative (at decreased risk of CHD) risk
factors with respect to mean pre-treatment HDL levels (at or above 60 mg/di or

1.6 mmol/L) were seen in 34 (11.8%) patients.
OBJECTIVE TWO

In objective two, the question of therapeutic differences between the
statins was investigated. Again, small and unequal cell sizes made comparisons
difficult. Looking at the first statin the patients recetved, 2.8 percent were on
fluvastatin, 95.8 percent were on pravastatin, and 1.4 percent were on simvastatin.
Looking at the drug the patient ultimately received, 1.7 percent got atorvastatin,
2.8 percent got fluvastatin, 82.4 percent got pravastatin, and 13.1 percent got
simvastatin. The trend towards prescribing simvastatin more frequently (38 at
end of study vs. four at the beginning) seems somewhat disturbing from the
perspective that while the predicted mean percent reduction in LDL was 35.28
percent, the observed values were 11.25 percent +7.84 (mean change) and 15.71
percent +8.51 (last change). Looking at mean baseline LDL values between the
final prescribed statins, pravastatin patients’ mean was 147.58 mg/dl +4.92 for
238 patients, simvastatin patients’ mean was 151.12 mg/dl +12.70 for 38 patients,
fluvastatin patients’ mean was 179.44 mg/dl +13.19 for eight patients, and

atorvastatin patients’ mean was 147.40 mg/dl +36.53 for five patients.

172



|
l
|

When paired samples ¢ tests were run comparing the final pravastatin and
simvastatin patients’ mean overall percent LDL reduction and percent LDL
reduction between baseline and last recorded LDL, pravastatin usage patients
tended to have higher mean percent reductions in LDL (mean of 17.03% +3.29
pravastatin vs. 11.25% +8.82 simvastatin) and reductions in LDL between
baseline and final LDL (18.06% +3.66 pravastatin vs. 15.711% +9.35 simvastatin)
than was seen in simvastatin patients. These differences were not significant at p
=0.235 and p = 0.649 respectively, not assuming equal variances.

In summary, the questions raised by objective two could not be
definitively answered except to say that pfavastatin and simvastatin differed in

observed mean percent reduction in LDL.

OBJECTIVE THREE

Objective three investigated the cost-effectiveness of the various statin
drug/dosing regimens. A cost-effectiveness ratio, expressing annual estimated
cost of treatment per one percent mean reduction in LDL level, was calculated for
every regimen having a positive observed mean percent reduction in LDL.
Whether these cost-effectiveness ratios should be used in future policy making
decisions is debatable for those regimens having cell sizes smaller than 20. All
values were reported, leaving decisions about the practicality of reported values
to the discretion of the reader.

Calculation of estimated total direct medical costs did not include cost of

side effect treatment as the most common therapy for statin side effects is
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discontinuation of the statin. A few pharmacy comments in the prescription
records of the original sample of 4436 included statements about lovastatin or
pravastatin causing a rash, but there were no corresponding prescriptions for
diphenhydramine capsules or hydrocortisone creams for treatment of this. Costs
for other related healthcare expenses could not be adequately identified from the
database being used and were not calculated nor incorporated into the annual cost
estimate.

When looking at the initial drug prescribed and assuming a cell size of 20,
pravastatin 20mg (once daily) was more cost-effective at $35.53 PPR (mean
change) and $32.10 PPR (last change) than pravastatin 10mg (once daily) at
$41.45 PPR (mean change) and $37.53 PPR (last change) which was more cost-
effective that pravastatin 40mg (once daily) at $178.52 PPR (mean change) and
$215.66 PPR (last change). Factors other than cost-effectiveness influence
provider prescribing habits, although patients with special needs may be started
on the lowest dose and then titrated up to maximum or desired effect. Patients on
those dosing regimens with higher cost may benefit from additional drug therapy
from other lipid-lowering agents instead of just increasing the dosage of the
present statin.

When looking at the final drug the patient received prior to the last LDL
on record and using only those with a cell size of more than 20, pravastatin 20mg
was more cost-effective at $33.79 PPR (mean change) and $31.59 PPR (mean
change) than pravastatin 10mg (once daily) at $37.41 PPR (mean change) and
$35.73 PPR (last change) which was more cost-effective than pravastatin 40mg

(once daily) at $77.50 PPR (mean change) and $78.58 PPR (last change). When
174



the final drug received during the study period as a composite was the only
classification, pravastatin (n = 238) at $41.58 PPR (mean change) and $39.21
PPR (last change) was more cost-effective than simvastatin (n = 38) at $74.08
PPR (mean change) and $53.05 PPR (last change).

In light of the above relative cost-effectiveness ratios reported for these
statinvpatients, it is surprising that simvastatin use is on the rise but had the
highest cost per one percent reduction in LDL in the two groups with sufficient
sell sizes. Cost-effectiveness implies value for money spent, or getting the
“biggest bang for the buck.” Here pravastatin patients demonstrated better cost-
effective ratios than simvastatin patients. From the PEC guidelines, pravastatin
10mg is considered interchangeable with simvastatin Smg and fluvastatin 20mg.¥
Pravastatin 20mg 1is considered interchangeable with simvastatin 10mg and
fluvastatin 40mg.  Pravastatin 40mg is considered interchangeable with
simvastatin 20mg. Atorvastatin was not available when the guidelines were
published and is not addressed here.

From the literature, several studies found fluvastatin to be the most cost-

2 In this study, cell sizes were too small to make statistical

effective statin.”
comparisons for fluvastatin. Direct observation showed that the six final
fluvastatin patients had mean annual estimated total direct medical costs of
$1247.44, but an effectiveness of only 6.79 percent reduction in LDL. No
conclusions can be drawn about the cost-effectiveness of fluvastatin from this
study. Because the fluvastatin patients had the highest baseline LDL levels of all
the groups (179.44 mg/dl +13.19), it is possible that this was the only cardiac risk
factor found in these individuals, so the “cheaper” drug would help in the long-
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run as opposed to dramatically ;educing LDL levels immediately in higher risk
patients.

In summary, objective three was achieved for all broad drug categories
and for the majority of the dosing regimens. Small cell size makes

generalizability outside the scope of this study questionable.

SENSITIVITY ANALYSIS

When the non-drug costs were varied + 20 percent for final pravastatin
and simvastatin users, pravastatin patients demonstrated better cost-effectiveness
ratios at $36.35 PPR to $44.40 PPR than simvastatin patients at $56.50 PPR to
$67.14 PPR. This indicates that either drug acquisition costs represent the
majority of annual estimated total direct medical costs or that effectiveness as
measured by mean percent reduction in LDL influences cost-effectiveness more
than annual treatment costs do. In this study, it appears both of the above
statements were supported because pravastatin patients had lower estimated
treatment costs then simvastatin 'patients and came closer to the predicted values
for percent LDL reduction. This would be a case of getting more effect (greater

observed decreases in LDL level) for less money (lower annual estimated

treatment costs).

COMPOSITE HEALTH CARE SYSTEM (CHCS)

The CHCS computer system is marketed as being an integrated database

system. In reality this is not completely true. While pharmacy, laboratory, and
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patient administration files physically reside within the same computer system,
they still must be pulled up using separate screens. There are very few relational
queries that are possible in real time. The system is still designed towards
funning reports and then analyzing the printed findings.

Data collection was hampered by having to determine initial statin fill
dates and statin-free status prior to making any meaningful lab data collection (it
is hard to collect pre- and post-treatment LDL values without knowing start time).
Although this may be a problem common to all databases, a more user-friendly
data retrieval process in CHCS would be appreciated. Prescription history is
displayed ten records at a time; specific prescriptions must be tagged and then
itemized for expansion of dispensing history, and then each prescription must be
viewed to determine fill dates, quantities dispensed, and time intervals. There is
no option that allows viewing a specific type of drug for a specific patient unless
the fill dates are already known. Drug utilization reports (DURs) can identify
specific patients by specific drugs, but do not include fill dates and are requested
based on dispensing location.

The PEC is establishing a more complete prescription database that 1s
more user friendly. Information can be extracted and used in spreadsheets for
analysis. The data will be captured from MTFs world-wide and then transferred
into this database, so timeliness and completeness are issues here. Using this
database, information was extracted for fiscal year 1997 (FY97) for the time
period of October 1, 1996, through September 30, 1997. This showed that the
original sample of 4436 patients received 25,743 statin prescriptions during this
period. Of these prescriptions 514 (2.0%) were for fluvastatin, 134 (0.5%) were
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for lovastatin, 24,436 (94.9%) were for pravastatin, and 659 (2.6%) were for
simvastatin. Atorvastatin was not available during this time period. A variety of
providers wrote these 25,000+ prescriptions, with 33.9 percent being written by
staff military physicians, 23.6 percent being written by “outside” physicians
(usually civilian physicians), and the remainder being written by an assortment of
personnel including medicine, family practice, endocrinology, and cardiology
specialists. No lab information and limited patient demographics are currently

available in this separate database.

OTHER COMMENTS

Although not a specific objective of this study, when patients were
categorized into primary prevention with less than two risk factors, primary
prevention with two or more risk factors, or into secondary prevention as
described in Chapter Two, 107/289 (or 37.0%) had less than two risk factors,
91/289 (or 31.5%) had two or more risk factors, and 91/289 (or 34.5%) remained
secondary prevention patients. This is a very crude categorization using gender,
age, smoking status, diuretic usage, presence of diabetes mellitus, and mean
baseline HDL levels. When these categories of patients are compared with the
NCEP treatment goals (described in Chapter Two), 194/289 (or 67.1%) of all
patients reached their respective treatment goals. |

Small cell sizes made comparisons of the various statins at each model
milestone impractical. Pravastatin and simvastatin final patients were compared

at two-months (143 vs. 22 subjects), four-months (115 vs. 22), six-months (711
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vs. 29), and nine-months (63 vs. 21). The only significant difference (p = 0.002)
was at the two-month point, with pravastatin patients having a lower mean LDL
(117.21 mg/dl) +32.49) than simvastatin patients (139.36 mg/dl +27.34). No

other cells were sufficiently large to make any reasonable comparisons.

SUGGESTIONS FOR FURTHER STUDY

Prospective tracking of new statin patients would facilitate data collection
and insure that lab values could be more readily available. Since the PEC
guidelines are not apparently being followed, new guidelines should be
established that reflect current practices better or the published guidelines should
be enforced more stringently.

Prospective tracking of specific sub-groups of patients in each of the statin
dosing regimens should allow for more meaningful between-statin comparisons
with sufficient cell size for statistical analysis.

Tracking cost-effectiveness ratios in response to competitive pricing
strategies from year to year would be informative. In the military system, prices
are bid yearly, so what is cheapest this year may not be cheapest next year. Cost-
effectiveness ratios compensate for this by only focusing on price per outcome. If
drug A increases the price by 50% but is still 75% more effective than drug B,

drug A may still be more cost-effective even after the price increase.
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CONCLUSION

Pravastatin achieves or nearly achieves predicted percent LDL reductions
in most cases, with the 10mg and 20mg patients doing better than the 40mg
patients. Small cell sizes for the other dosing regimens preclude meaningful
interpretation of the findings for these groups.

Pravastatin patients demonstrated a mean cost-effectiveness ratio of
$42.44 PPR as the initial therapy (n = 277) and $40.40 PPR as the final therapy (n
= 238), using annual estimated cost of treatment per one percent decrease in LDL.
Simvastatin as the final therapy patients (n = 38) had a mean cost-effectiveness
ratio of $63.56 PPR. Cost-effectiveness ratios were calculated for all other
drug/dosing regimens, but small cell sizes limit their usefulness.

In the 1995 PEC guidelines, it was estimated that nearly 500,000 of the six
million military beneficiaries over the age of 20 had established CHD. An
additional 2.2 million were estimated to have two or more of the recognized
positive risk factors present for CHD. The remaining population could have no or
only one risk factor present. Although only an estimated 15.4 percent of the
original sample would have met all the selection criteria, the 289 final study
subjects represent nearly $1.2 million in estimated annual total direct medical

costs, strictly for lipid-lowering therapy with statin drugs.
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